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A  part  of  lie  following  work  is  from  the  pen  of  the  Re*. 
Or.  BrtTv-er,  of  Trinity  ifall,  L'smbridce;  aim,  llcnd  Mm1«i 
of  King's  College  Scliool,  Norwich--lD  nnioo  witb  King'ii 
CoUpj;c  London.  It  coatiunB  muiih  useful,  tia  well  sa  pno 
tical  scicaufic  knowledge,  in  t,yery  popular  uid  uttcrtUDing 
fann. 

The  work,  however,  as  it  enutastcd  from  the  English  prcSR, 
was  not  only  in  manjr  points  nnsuitcd  totheAuicDCUi  pupU. 
but,  was  eilremdy  deflcicnt  in  its  vrangenieDt  The  fcditor 
has  endeavored  U>  remedy  these  defects,  by  mtMag  many 
■dditiooa,  as  well  as  by  altering  tboec  parts  wlikh  were 
purely  applicable  to  Great  BritaiD,  and  adapting  the  whole 
to  our  own  country.  As  to  the  arrangemaa,  he  feels  <?on- 
fldent  it  will  be  the  means  of  facilitating  tbe  acquimncnt  of 
the  great  amount  of  nseful  informatioii  embodied  in  tbe  work, 
and  also  of  classifying  ia  the  mind  of  the  pupil  the  liiScrenC 
branches  of  which  it  treats. 

■'  Mo  sdence  ia  more  generally  interesting  than  that  which 
explams  the  common  phenomena  of  life.  We  see  that  salt 
and  snow  are  both  wliitc,  a  rose  red,  leaves  green,  and  tha 
Tiolet  a  deep  purple ;  hut  how  few  persons  v^a  ask  the  rea- 
son why  \  We  know  that  a  fluto  produces  a  musical  sound, 
knd  »  cracked  bell  a  discordant  one — that  fire  is  hot,  ice  coU, 
wid  a  candle  luminous — that  water  boils  whea  subjected  to 
heat,  uid  freezes  from  cold ;  but  wbeu  a  child  looks  up  into 
eur  facasnd  ask  us  'why' — how  many  times  is  w  silenced 
with  a  frown,  or  -called  Tcry  foolish  tbr  asking  such  silly 
questions !'  "• 

This  book,  intended  for  the  use  of  families  and  schools, 
eiplwns  about  two  thousand  of  these  questions,  and  b  writ-  . 
feo  in  language  so  plain  as  to  be  understood  by  all.  Cnre 
has  been  token,  however,  in  the  endeavor,  to  render  it  intelli- 
gible to  the  young,  to  avoid  that  childish  simp  lie  iiy  wiiich 
might  he  unacceptable  to  those  of  riper  years. 

A  very  full  Indes  is  appended  to  the  work,  to  facililalc  Uw 
^pii's  researches. 


IV  PREFACE, 

In  the  Preface  to  the  English  edition,  alreadj  mentioned, 
there  is  an  anecilote  related,  which  is  so  appropriate,  that  it 
ta  here  given  in  full. 

•'  A  remarkable  instance  came  before  the  anthor  a  few 
months  abce,  of  the  statement  made  in  the  earl^  part  of  this 
Preface.  The  conversation  was  about  smoke — why  it  was 
black,  and  not  white  like  the  fine  dust  of  lime.  A  little  chiJd 
who  was  present,  asked,  '  Why  is  the  kettle  so  black  with 
smoke  ?'  Her  papa  answered,  '  Because  it  has  been  on  the 
fire.'  '  But,'  (urged  the  child)  'what  is  theeood  of  its  bang 
black?'  Tha  gentleman  replied,  'Silly  child — you  ask  very 
foolish  questions — sit  down  and  hold  your  tongue.'  " 

Information  of  that  description  is  just  what  children  Iotb 
to  gain,  and  what  many  older  persons,  who  are  even  tolera- 
bly well  informed,  ore  not  competent  to  give. 

The  Editor  trusts  his  book  may  prove  an  interesting  and 
nwfnl  companion  to  both  old  and  young,  either  in  the  family 
circle,  or  in  the  school-room. 

Twenty-flve  thousand  copies  of  the  English  edition  of  the 
above  work  were  sold  in  London  in  less  than  two  years. 

PniioDHLpmA,  April,  1851. 


RoBEai  B.  Pbtkmon,  Esq. 

Deab  Sire — I  hate  received  the  American  edition  of  my 
Guide  to  Familiar  Science,  and  think  it  very  handsomely 
piinted  Had  akitfulli/ rearranged,  I  shall  esteem  it  an  honor 
to  give  my  full  consent  to  your  expressing  my  approbatioi 
of  your  edition  of  my  Familiar  Science,  and  1  thaiik  you  fol 
the  kmdncas  in  having  sent  me  a  copy. 
Dear  Sir, 

I'oura  tiuly, 

E.  a  BREWEE. 
Bt.  Helen,  lata  op  Jbhsbt, 
3d  Dec.  1851. 
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.Vfhat  is  heat  1 
A.  The  sensation  of  ■warmth. 


Q.  What  is  the  principal  source  of  heat  1 
A.  The  Son  is  an  inexhaustible  source  of 
heat. 


Q.  Does  the  heat  of  the  Sun  possess  any 
different  properties  from  artificial  heat  ? 

A.  The  heat  of  the  Sun  passes  readily 
throiigh  glass,  whereas  this  property  is  pos- 
sessed by  artificial  heat  in  a  vert/  small  de.' 
gree. 

4. 

Q.  Is  san-shine  detrimental  to  combus- 
tion? 

A.    It  is;  the    reason   is   not   certainly 
7 


Itiiown ;  but  fires  are  never  so  bright  when 
the  Bun  shines  on  them.  It  is  generally 
supposed  some  chemical  effect  is  produced 
upon  the  air  in  contact  with  the  fire  which 
impedes  the  progress  of  combustion. 


SECTION   II. — CALORIC. 
5. 

Q.  How  is  the  sensation  of  heat  produced  ? 

A.  AVhen  we  touch  a  substance  hotter 
Ihan  ourselves,  a  subtle  invisible  stream  flows 
from  the  hotter  svbstance,  and  produces  on 
our  nerves  the  sensation  of  warmth. 

6. 

Q.  What  is  that  "subtle  invisible  stream" 
called,  which  flows  from  the  hotter  sub- 
staucc  ? 

A.  Caloric.  Caloric,  therefore  is  the 
agent,  which  produces  the  sensation  of 
warmth ;  but  heat  is  the  sensation  itself. 

7. 

Q.  Is  caloric  equdly  distributed  over  th^ 
globe? 

A.  No  ;  at  the  equator  the  average  tempe- 


'afure  is  824",  while  at  the  poles  it  is  bo* 
tieved  to  be  about  13°  below  Zero. 


IPCTION    1, ELBCTHICITY  PRODDCED  bit   FBICTIOS. 

8. 

.  Was  ehdricitij  known  to  the  ancients? 
^A.  Tea ;  they  knew  that  when  amber  (the 
Greek  word  of  which  is  i]).e>irpov — electron.) 
is  rubbed,  it  acquires  the  property  of  attract- 
c  other  bodies. 


.  Why  ia  electricity  excited  by  friction  ? 

A.  Electricity,  like  heat,  exists  in    nil 

matter ;  but  it  is  often  in  a  latent  state  ; 

friction  disturbs  it,  and  brings  it  into  active 

peration. 


Q.  When  you  rub  a  piece  of  paper  witff 
Indian  rubber,  why  does  it  adhere  to  the  la- 
U&1 


[    10  ELECTRlan. 

A.    Because  the  friction  of  the  Indian 
I  rubber  aga,inst  the  surface  of  the  paper  de- 
-velopes  electricity,  to  which  this  adhesive- 
L  Bess  is  mainly  to  be  attributed. 
11. 
Q.  If  you  dry  a  piece  of  common  hrown 
paper  by  the  fire,  and  draw  it  once  or  twice 
between  your  knees,  why  will  it  stick  fast 
to  the  wall  ? 

A.  Because  the  friction  developes  eledri- 
dtif  on  the  paper,  which  manifests  itself  by 
this  property  of  adhesion. 

12, 

Q.  When  a  glazier  is  mending  a  window 
and  cleans  the  pane  with  his  brush,  why 
do  the  loose  pieces  of  putty  {on  the  opposite 
side  of  the  window  pane,)  dance  up  and 
down? 

A.  When  glass  is  rubbed,  electricity  is 
excited  in  the  parts  submitted  to  the  fric- 
tion, and  on  the  part  opposite  also;  electricity 
attracts  light  substances  such  as  loose  frag- 
ments of  putty;  as  soon  as  these  fragmonta 
liaye  touched  the  excited  part  of  the  glass 
they  become  charged,  and  fall  back  again; 
the  ledge  on  which  they  fall  deprives  them 
of  their  burden,  and  they  then  fly  up  agaui 
to  receive  a  fresh  charge;  this  process  being 


PltODUCED   BV   FJIIUTION. 

iiipeated  often,  miikes  tlie  commotion  in  the 
loose  fi-aginents  of  putty,  referred  to  in  tbe 
question. 


Q.  Why  does  brushing  the  hair  for  a  long 
time,  frequently  iimke  the  head  itch. 

A.  1st. — Because  tlie  friction  of  the  hair 
brush  excites  eledricili/  in  the  hair,  which 
thus  becomes  overcharged  and  irritates  the 
skin;  and 

2nd. — The  hair  brush  excites  increased 
action  in  the  vessels  and  nerves  of  the  scalp, 
pi-oducing  a  sHght  degree  of  inilammation, 
which  is  indicated  by  a  sensation  of  itcliing. 

14. 

Q.  Why  do  cats  nil)  their  ears  when  it  ia 
likely  to  rain? 

A.  Either  because  the  air  is  full  of  vapor 
imd  its  humidity  (piercing  between  the  hair 
cf  the  cat)  produces  an  itching  sensation:  or 
more  probably  because  the  air  is  overcharged 
Ith  electricity. 

15. 

How  can  the  electriciftj  of  the  air  pro- 
See  a  sensation  ot  itching? 
A.  If  the  air  is  overcharged  with  electricity 
Uie  hair  af  the  cat  is  overcharged  also;  and 


HI 


IhU  miikes  her  feel  as  if  she  were  covered 
I  with  cobwebs. 

16. 

Q.  Why  does  tlie  cat  keep  rubbing  herself? 

A.  Because  her  hair  will  not  lie  smooth,  but 
lias  a  perpetual  tendency  to  become  mfHed: 
so  the  cat  keeps  rubbing  her  coat  and  ears, 
to  smooth  the  hair  down,  and  brush  away  the 
feeluig  of  cobwebs. 

17. 

Does  electricity  present  any  appear- 
ance by  which  it  can  be  known  1 

A.  No;  electricity  like  beat,  is  in  itself 
Vinvisihle;  though  often  accompanied  by  both 
yJigM  and  heat. 

18. 

Q.  Is  electricity  accompanied  with  any 
[  Ddor. 

A.  Yes ;  near  a  large  electrical  machine 
in  good  action,  there  is  always  a  peculiar 
mlor,  resembling  sulphur  and  phosphorus, 
this  odor  is  called  "Ozone." 


^B  tin 


Q.  Has  this  peculiar  odor  called  "Ozone" 
;en  observed  in  thunder  storms? 
A.  Yes;  sometimes  the  sulphurom  odor 
jirevails,  and  sometimes  the  phosphoric. 


Q.  Why  are  there  difererU  colors  in  tbi 
Aurora  Borealis,  such  as  white,  yellow,  r 
iincl  purple  ? 

A.  Because  the  electric  fluid  posa 
tlirough  air  of  different  densities.  The  nio 
rarified  air  produces  a  white  light;  the  inoi 
dry  air,  red;  and  the  most  damp  produc 
yellow  streaks. 


^ 


SBCTION  II. — LIGHTNIHO. 


Q.  What  is  lightning  ? 
A.  Lightning  is  accumvlatei  electricity  d 
charged  from  the  clouds. 


like  liai  from  »  "  L^dwi  jBf . 


Q.  'Wia.tTprodaces  electricity  in  the  douds? 

A.  1st. — The  evaporation  from  theearth'a 
surface ; 

2nd. — The  chemical  changes  which  tal^e 
place  on  the  earth's  surface ;  and 

3i^. — Currents  of  air  of  unequal  tempera- 
ture, which  excite  electricity  by  friction,  M 
they  come  in  contact  with  each  other. 


KLECTKICITT. 
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Q.  "What  causes  the  discharge  of  an  elec- 
iric  cloud? 

A.  When  a  cloud,  overcharged  with  elec- 
tric fluid,  approaches  another  which  is  wn- 
dercharged,  the  fluid  rushes  from  the  former 
into  the  latter,  till  both  contain  the  same 
quantify. 


Q.  Is  there  any  other  cause  of  Lightning 
besides  the  one  just  mentioned? 

A.  Tes ;  sometimes  mountains,  trees, 
and  steeples,  will  dischnrge  the  lightning 
from  a  cloud  floating  near ;  and  eometimea 
electric  fluid  rushes  out  of  the  earth  into  the 
clouds. 


Q.  How  high  are  the  lightning  clouds 
from  the  earth? 

A.  Sometimes  they  are  elevated  four  or 
five  miles  high ;  and  sometimes  actually 
touch  the  earth  with  one  of  their  edges  ;  but 
they  are  rarely  discharged  in  a  tbundei 
fitorm,  when  they  are  more  than  seven  hun- 
dred yards  above  the  surface  of  the  eaith, 


How  high  are  the  clouds  generally? 
a.  fins  day,  the  clouds  are  oft«n  fc 
orfive  miles  above  our  heads;  but  the  awerage 
licight  of  the  clouds  is  from  oue  and  a  half 
to  two  miles. 

27. 

Q.  Why  is  lightning  sometimes /orftcifi 

A.  Because    the  Hghtning-cloud  is  at  i 

^eat  distance  ;  and  the  resistance  of  the  air  ia 

sogreat,that  the  electrical  curreatia diverted 

into  a  zig-zag  course. 

2a 

Q.  How  does  the   resistance  of  the 
make  the  lightning  zig-zag? 

A.  As  the  lightning  condenses  the  air  in 
the  immediate  advance  of  its  path,  it  flies 
from  side  to  side,  in  order  to  pass  wh( 
there  is  the  least  resistance. 


Q.  Why  are  there  sometimes  tvjo  flashes 
of  forked  lightning  at  the  same  moment? 

A.  Because  (in  very  severe  storms) 
llnsh  will  divide  into  two  or  more  parts  ;  ( 
of  which  will  assume  the  zig-zag  form. 


Q.  Wliy  is  the 
^•tr(a%TU? 


It  a^n 

>  ia 
rted il 

..^ 

r  in 
lies^^J 


•sh    sometimes 


A.  Because  the  lightning-cloud  is  near  the 
earth;  and,  as  the  dash  meets  with  Tery 
little  resistance,  it  is  not  diverted  ;  (in  other 
words)  the  flash  is  straight. 

31. 

Q.  Wliat  is  sheet  lightniTig? 

A.  Either  the  reflection  of  distant  flashes 
not  distinctly  visible,  or  beneath  the  hori- 
Bon;  or  else  several  flashes  intermingled. 

3S. 

Q.  What  oi^cr/orm  does  lightning  occa- 
fiionally  assume  ? 

A.  Sometimes  the  flash  isg/oiw^cr;  which 
is  the  most  dangerous  form  of  lightning. 


Q.  Why  is  a.  flash  of  lightning  generally 
followed  hy  pouring  rain? 

A.  The  flash  produces  a  change  in  the 
physical  condition  of  the  air,  rendering  it  un- 
able to  hold  so  much  water  in  solution  as  it 
could  before ;  in  consequence  of  which,  a 
part  is  given  off  in  heavy  rain. 

f  34. 

Q.  Why  is  a  flash  of  lightning  generally 
followed  by  a  gust  of  wind? 

A.-  Becauae  the  physical  condition  of  the  air 


is  disturbed  by  the  passage  of  the  lightuin 
and  wind  ia  the  result  oi'  this  digtiu'banc^ 

35. 

Q.  Why  is  there  no  thunder  to  wLat  \ 
called  su?nmer  lightning? 

A.  Because  the  lightning-cloufls  nre  i 
far  distant,  that  the  sound  of  the  thunder  is 
iost  before  it  reaches  the  ear. 


Q.  When  lightning  flashes  from  the  earth 
to  the  clouds,  what  ia  the  flash  called? 

A.  It  is  popularly  called  the  "returning 
stroke ;"  because  the  earth  (being  ovep. 
charged  with  electric  fluid,)  returns  the  su> 
plus  quantity  to  the  clouds. 

37. 

Q.  Why  is  lightning  more  common 
summer  and  in  autumn  than  in  spring  ant 
winter? 

A.  Because  the  heat  of  summer  and 
autumn  produces  great  evaporation  ;  and  the 
conversion  of  W(rfer  into  vapor  always  de- 
veIope3  electricity. 


Q.  Why  18  a  tree  sometimes  scorched  by 
lightning,  as  if  it  had  been  set  on  fire  ? 

A.  The  electric  fluid  scorches  by  its  own 
positive  heat,  just  the  same  as  fire  would. 


m 


^^■l^S  ELECTRICITY. 

^^H       Q.  ^¥lien  does  lightning  pass  from  the 
^^H  earth  to  the  clouds  ? 

^^B       A.  When  the  clouds  a,re  in  a,  "negative" 
^^1  state  of  electricity. 

^^H  Q.  When  does  lightning  pass  from  the 

^^B  thuds  to  the  earth? 

^^M  A.  When  the  clouds  are  in  a  "positive" 

^^1  titate  of  electricity. 

^^1       Q.  What  is  meant  by  the  clouds  being  in 

^^M  a  "positive  state  of  electricity?" 
^^1        A.  When  the  clouds  contain  more  electiic 

^^1  fluid  than  they  generally  do,  they  are  said  to 

^^1  be  in  a  "positive  state  of  electricity." 

•  Q.  What  is  meant  by  the  clouds  being  in 

a  "negative  state  of  electricity?" 

I     A.  When  the  clouds  contain  less  electric 
fluid  than  they  generally  do  ;  they  are  said 
to  be  in  a  "negative  state  of  electncity." 
43, 
Q.  Does  the  flash  proceed  from  a  negativt 
W  positive  body? 
A.  Always  from  a  posiYtwe  body  :  that  is, 
from  one  raer-charged  with  electric  fluid 
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)  1,— Danger  from  Lightning. 
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yfhy  does  lightning  sometimes  kill  men 
ttiid  beasts? 

A.  Because,  when  the  electric  current 
passes  through  a  man  or  beast,  it  prochicea 
so  violent  an  action  upon  the  nerves,  that  it 
destroys  life. 

45. 

Q.  WTien  is  a  person  struck  dead  by  light- 
ning? 

A.  Only  when  hia  body  forms  a  part  of 
the  lightning's  path;  that  is,  when  the  electric 
fluid  (in  its  way  to  the  earth)  actually  pas- 
ses through  his  body. 

4e. 

Q,  Why  are  persons  sometimes  maimed  by 
lightning? 

A.  Because  the  electric  fluid  produces  an 
action  upon  the  nerves  sufficient  to  injure  them, 
but  not  to  destroy  life. 

47. 

Q.  Lightning  sometimes  assumes  the  ap- 
pearance of  hdls  of  fire  which  fall  to  the 
earth,  what  are  they? 

A.  Masses  of  explosive  gas  formed  in  the 
air;  they  generally  move  more  slowly  than 
lightning. 


I' 
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Q.  Why  are  these  balls  of  fire  so  very 
danger ousl 

A.  Because  when  they  fall  they  explode 
like  a  cannon;  and  occasion  much  mischief. 


Q.  Do  these  balls  of  fire  ever  run  along 
the  graund? 

A.  Yes;  sometimes  they  run  a  considera- 
ble distance  along  the  ground,  and  explode 
in  a  mass. 

At  other  times  they  split  into  numerous 
smaller  balls,  each  of  which  explodes  in  a 
similar  manner. 


Q.  "What  mischief  do  these  balls  of  fire 
produce? 

A.  They  set  fire  to  houses  and  bams,  and 
kill  all  cattle  and  human  beings  which  hap- 
pen to  be  in  their  course. 

31. 

Q.  What  p?(2ce5  are  most  rfj;ngerou5  during 
A  thunder  stormi 

A.  It  is  very  dangerous  to  be  near  a  tree, 
or  lofty  building;  and  also  to  be  near  a 
river,  or  any  running  water. 

52. 

Q.    Why   is   it  dangerous   to  be  near  n 
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tree  or  lofty  building,    during  a   thunder 
Btorui? 

A.  Because  a  tall  pointed  object  (like  a 
tree  or  spire)  will  frequently  discharge  a 
lightning-cloud;  and  if  any  one  were  stand- 
ing near,  the  lightning  might  diverge  fi"om 
the  tree,  and  pass  through  the  fluids  of  the 
homan  body. 

53. 

Q.  How  can  a  tree  or  spire  discharge  a 
lightning-cloud  ? 

A.  A  hghtning-clond  (floating  over  a 
plain)  may  be  loo  far  off  to  be  discharged  by 
it,  but  as  a  tree  or  spire  would  shorten  this 
distance,  it  might  no  longer  be  too  fiir  off 
to  be  discharged. 

Fin-  uumplsi  Ifn  lightnin^r-alnud  wera  TOO  yarda  sTicnrrt  Itic  ruinh,  ii 
WDUid  hnlim/w  offlohodiMtiBrgocl:— bul  a  tree  or  tpire  30  yetfli  high 
would  nutc  ih«  dnad  only  (UO  ya[di"9'n  a:>ndDi!1arj  in  aoiueqneniHi  s[ 

54. 

Q.  Why  is  it  dangerous  to  be  near  a  deep 
river,  or  any  other  running  water  during  a 
thunder  storm? 

A.  Becaiise  running  water  is  a  good  CQn~ 
ductor;  and  lightning  always  takes  in  its 
course  the  best  conductors. 

55. 

Q.  Wliy  is  it  dangerous  for  a  man  to  1)9 
nfar  water  in  a  thunder  storm? 
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A.  Because  the  height  of  a  man  may  be 
sufficient  to  discharge  a  cloud;  and  (if  there 
were  no  taller  object  nigh)  the  lightning 
might  make  the  man  its  conductor  to  the 
water. 


Q.  Why  is  it  dangerous  to  ring  church  bells 
during  a  thunder  storm? 

A.  For  two  reasons;  1st.  Because  the 
Bteeple  may  discharge  the  lightning-cloud 
merely  from  its  height;  and 

2nd. — Aa  the  swinging  of  the  bells  puts 
the  air  in  motion,  it  diminishes  its  resistance 
to  the  electric  fluid. 


'  Q.  Why  is  it  unsafe  to  run  or  drive  fast 

|L^^  during  a  thunder  storm? 
^^B         A.  Because  it  produces  a  current  of  air; 

^^H  and,  as  air  in  motion  affords  less  resistance  to 

^^B  the  flash,  it  is  a  better  conductor  than  air 

^^H  in  a  state  of  rest. 


Q.  What  parts  of  a  dwelling  are  most  dan- 
^eroics  during  a  thunder  storm? 

A.  The  fire-place,  especially  if  the  fire  be 
lighted  ;  the  attics  and  the  cellar.  It  is  also 
imprudent  to  sit  close  by  the  walls ;  to  ring 
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the  bell,  or  to  bar  the  shutters  during  a 
thunder  storm. 

59. 

Q.  "Why  is  it  dangerous  to  sit  before  a  Jirt 
during  a  thunder  storm? 

A.  Because  the  heated  air  and  soot  aro 

conductors   of  lightning;    especially  when 

connected  with  such  excellent  conductors  as 

the  stove,  grate,  or  fire-irons. 

eo. 

Q.  Why  are  attics  and  cellars  more  dan- 
gerous in  a  thunder  storm,  than  the  middle 
story  of  a  house  ? 

A.  Because  lightning  sometimes  passes 

from  the  clouds  to  the  earth,  and  sometimes 

from  the  earth  to  the  clouds  j  in  either  case 

the  middle  story  would  be  the  safest  place. 

ei. 

Q.  Why  is  it  dangerous  to  lean  against  a 
wall  during  a  thunder  storm? 

A.  Because  the  electric  fluid  wiU  some- 
limes  run  down  a  wail ;  and,  (as  a  man  is  a 
better  conductor  than  a  wall,)  would  leave 
the  wall  and  run  do^ra  the  man. 

62. 

Q.  Why  is  it  dangerous  to  ring  a  htU 
dming  a  thunder  storm? 
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A.  Bell-wire  is  an  excellent  conductor,  and 
if  a  person  were  to  touch,  the  bell  handle. 
the  electric  fluid,  passing  do'VTn  the  wire, 
might  run  through  his  hand  and  injure  it. 

63, 

Q.  Why  is  it  dangerous  to  bar  a  shuttm 
during  a  thunder  storm? 

A.  Because  the  iron  shutter-har  is  an  ex- 
cellent conductor ;  and  the  electric  fluid  might 
run  from  the  bar  through  the  person  touching 
ity  and  injure  him. 

6i. 

Q,  Why  is  it  dangerous  to  be  in  a  crowd 
daring  a  thunder  storm  ? 

A.  For  two  reasons:  Because  a  mass  of 
people  forms  a  better  conductor  than  an  indi- 
vidual ;  and 

2nd. — ^Because  the  vapor  arising  from  a 
crowd  increases  its  conducting  power. 

65. 

Q.  Why  is  the  danger  increased  by  the 
vapor  which  rises  from  a  crowd? 

A.  Because  tiapor  is  a  conductor  ;  and  the 
more  conductors  there  are,  the  greater  the 
danger  will  be. 

66. 

Q.  Why  is  a  theatre  dangerous  during  a 
thunder  storm? 
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A.  Because  the  crowd,  and  great  vapor 
arising  from  so  many  living  bodies,  render 
it  in  excellent  conductor  of  lightning. 

67. 

Q.  Why  is  a  flock  of  sheep,  herd  of  cattle, 
etc.,  in  greater  danger  than  a  smaller  num- 
ber^ 

A.  1st. — ^Because  each  animal  is  a  con- 
ductor of  lightning,  and  the  conducting  pow- 
er of  the  flock  or  herd,  is  increased  by  its 
numbers;  and 

2nd. — ^The  very  vapor  arising  from  the 
flock  or  herd  increases  its  conducting  power 
and  its  danger. 

68. 

Q.  If  a  person  be  abroad  in  a  thunder 
storm,  what  place  is  the  safest? 

A.  Any  place  about  twenty  or  thirty  feet 
from  a  tall  tree,  building,  or  stream  of 
water. 

69. 

Q.  Why  would  it  be  safe  to  stand  twenty 
or  thirty  feet  from  a  tall  tree,  during  a 
thunder  storm? 

A.  Because  the  lightning  would  always 
choose  the  tall  tree  as  a  conductor ,  and  we 
should  not  be  sufficiently  near  the  tree,  for 
the  lightning  to  diverge  from  it  to  us. 

3 
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70. 

Q.  If  a  person  be  in  a  carriage  in  a  thiin 
der  storm,  in  what  way  can  he  travel  most 
safely  ? 

A.  He  should  not  lean  against  the  car- 
riage, but  sit  upright,  without  touching  any 
of  the  four  sides. 

71 

Q.  Why  should  not  a  person  lean  against 
the  carriage  in  a  storm? 

A.  Because  the  electric  fluid  might  run 
down  the  sides  of  the  carriage ;  and  (if  a 
person  were  leaning  against  them)  would 
make  a  choice  of  him  for  a  conductor,  and 
perhaps  destroy  life. 

72. 

Q.  If  a  person  be  in  a  house  during  a 
thunder  storm,  what  place  is  safest? 

A.  Any  room  in  the  middle  story.  The 
centre  of  the  room  is  the  best ;  especially 
if  you  place  yourself  on  a  mattrass,  bed,  or 
liearth-rug. 

73. 

Q.  Why  is  the  middle  story  of  a  house 
safest  in  a  thunder  storm? 

A.  Because  the  fluid  (if  it  struck  the 
house  at  all)  would  be  diffused  among  the 
several  conductors  of  the  upper  part  of  the 
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house,  before  it  reached  the  middle  story , 
in  consequence  of  which  its  force  would  bo 
weakened. 

74. 

Q.  Why  is  the  middle  of  a  room  more  safe 
than  any  other  part  of  it  in  a  thunder 
etorm? 

A.  Because  the  lightniag  (if  it  should 
strike  the  room  at  all,)  would  come  down 
the  chimney  or  wdls  of  the  room;  and,  there- 
fore, the  further  distant  from  these,  the 
better. 

75. 

Q.  Why  is  a  mattrasSy  hedy  or  hearth-rugy  a 
good  security  against  injury  from  lightning  ? 

A.  Because  they  are  all  non-conductors ; 
and,  as  lightning  always  makes  choice  of  the 
best  conductors,  it  would  not  choose  for  its 
path  such  things  as  these. 

76 

Q.  What  is  the  safest  thing  a  person  can 
do  to  avoid  injury  from  lightning? 

A.  lie  should  draw  his  bedstead  into  the 
middle  of  his  room,  commit  himself  to  the 
care  of  God,  and  go  to  bed ;  remembering 
that  our  Lord  has  said,  "  The  very  hairs  of 
your  head  are  all  numbered." 

No  jfreal  danj»er  need  renlly  to  be  apprehemled  from  liKhtninp,  If  you 
uvoid  taking  your  position  near  tall  trees,  spires,  or  other  elevated  objecl;* 
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77. 

Q.  Is  it  better  to  be  wet  or  dry  during  a 
thunder  storm? 

A.  To  be  wet ;  if  a  person  be  in  the  open 
field,  the  best  thing  he  can  do,  is  to  stand 
about  twenty  feet  from  some  tree,  and  get 
completely  drenched  to  the  skin. 

,        78. 

Q.  Why  is  it  better  to  be  wet  than  dry? 

A.  Because  wet  clothes  form  a  better  con^- 
ductor  than  the  fluids  of  our  body  ;  and  there- 
fore, lightning  would  pass  down  our  wet 
clothes,  without  touching  our  body  at  all. 


§  II. — Lightning  Conductor. 
79. 

Q.  What  is  a  lightning  conductor? 

A.  A  metal  rod  fixed  in  the  earth,  run- 
ring  up  the  whole  height  of  a  building,  and 
rising  in  a  point  above  it. 

80. 

Q.  What  metal  is  best  for  this  purpose  ? 
A.  Copper  makes  the  best  conductor. 

81. 

Q.  Why  is  copper  better  than  iron? 

A.  1st. — Because  copper  is  a  better  con- 
ductor than  iron ; 
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2nd. — ^It  is  not  so  easily  fused  or  melted ; 
and 

3rd. — ^It  is  not  so  readily  injured  by 
weather. 

82. 

Q  What  is  the  me  of  a  lightning  con- 
ductor? 

A.  As  metal  is  a  most  excellent  con- 
ductor, lightning  (which  makes  choice  of 
the  best  conductors)  will  run  down  a  meted 
rod,  rather  than  the  walls  of  the  building. 

83. 

Q.  Why  should  lightning-conductors  be 
pointed? 

A.  Because  points  conduct  electricity 
Ctway  silently  and  imperceptibly  ;  but  knobs 
produce  an  explosion  which  would  endanger 
the  building. 

Points  empty  the  clouds  of  electridty,  acting  at  a  much  greater  distance 
Ihan  kiio1)s ;  thus,  a  Ijcyden  jar  of  a^nsiderable  size  may  be  safely  and 
silently  discharged,  by  holding  the  point  of  a  needle  an  inch  or  two  off. 

Blades  of  prnss,  ears  of  corn,  and  other  pointed  objects  serve  to  empty 
the  clouds  of  their  electricity. 

84. 

Q.  How  far  will  the  beneficial  influence 
of  a  lightning-conductor  extend  ? 

A.  It  will  protect  a  space  all  roinid,  four 
times  the  length  of  that  part  of  the  ro(l, 
which  rises  above  the  building. 

3* 
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85. 

Q.  Give  nie  an  example? 

A.  If  the  rod  rise  two  feet  above  the 
house,  it  will  protect  the  building  for  (at 
least)  eight  feet  all  round. 

86. 

Q.  How  can  lightning-conductors  be  pro- 
ductive of  harm? 

A.  If  the  rod  be  broken  by  weather  or 
accident,  the  electric  fluid  (being  obstructed 
in  its  path)  will  damage  the  building. 

87. 

Q.  Is  there  any  other  evil  to  be  appre- 
hended from  a  lightning-rod? 

A.  Yes ;  if  the  rod  be  not  large  enough 
to  conduct  the  whole  current  to  the  earth, 
the  lightning  will  fuse  the  metal,  and  injure 
the  building. 

88. 

Q.  Why  are  boughs  pf  trees  broken  off  by 
lightning? 

A.  Because  the  mechanical  force  of  the 
lightning  is  very  great ;  and,  as  the  boughs 
of  a  tree  are  imperfect  conductors,  they  will 
often  be  broken  off  by  this  force. 

89. 

Q.  Why  is  an  electric  shock  felt  most  at 
^he  elbow  joint? 
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A.  Because  the  path  of  the  fluid  is  ob- 
tlructed  by  the  pint ;  and  the  shock  (felt  at 
the  elbow)  is  caused  by  the  fluid  leaping 
from,  one  bone  to  anotlier. 

90. 

Q.  Is  not  air  a  conductor  of  lightning? 
A.  No ;  dry  air  is  not  a  conductor  of 
lightning. 

91. 

Q.  "WTiy  does  lightning  part  the  air 
through  which  it  passes  1  it  does  not  part  a 
rod  of  iron. 

A.  As  iron  is  a  conductor,  it  allows  the 

fluid  to  pass  freely  through  it ;  but  air  (be- 

a  non-conductor,)  resists  its  passage. 


Q.  Why  is  an  oak  struck  by  lightning 
more  frequently  thou  any  other  tree? 

A.  Because  the  grain  of  the  oak,  being 
closer  than  that  of  any  other  tree  of  the  same 
hulk,  renders  it  a  better  conductor. 


Q.  Does  lightning  go  through  the  inside 
or  down  the  outside  of  a  tree? 

A.  It  runa  down  the  outside  of  a  tree,  but 
passes  through  the  inside  of  a  man. 
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94. 

Q,  Why  does  lightning  pass  down  tlie 
outside  of  a  tree  ? 

A.  Because  it  always  makes  choice  of 
the  best  conductors  ;  and  the  outside  of  a  tree 
is  a  better  conductor  than  the  inside. 

95. 

Q.  Wliy  does  lightning  pass  through  the 
inside  of  a  man? 

A.  Because  the  fluids  of  the  human  body 
made  a  better  conductor  than  the  skin; 
therefore,  lightning  passes  through  a  man, 
and  not  down  his  skin. 

96. 

Q.  Why  would  the  lightning  run  through 
a  man  touching  a  bell  handle  ? 

A.  Because  the  human  body  is  a  better 
conductor  than  the  wall,  which  is  between 
the  bell  handle  and  the  floor ;  and  as  light- 
ning always  chooses  the  best  conductor  for 
its  path,  it  would  (in  this  case)  pass  through 
the  man. 

97. 

Q.  Why  is  a  mass  of  bodies  a  better  con- 
ductor than  a  single  body  ? 

A.  Each  living  body  is  a  conductor  of 
electricity  ;  and  in  a  connected  mass  of  such 
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conductora,  is  more  likely  to  be  struck  than 
a  single  indiviihad, 

93.^ 

I  Q.  Why  would  lightning  fly  from  a  tree 
r  spire  into  a  man  standing  near? 
A.  Because  the  electric  fluid  (called  light- 
ning) always  chooses  for  its  path  the  best 
conductors  ;  and,  if  the  human  fluids  proved 
the  better  conductor,  it  would  pass  through 
the  man  standing  near  the  tree,  rather  than 
down  the  tree  itself. 


5  III. — Effects  of  Lightning. 
99. 

.  What  are /jiZgwrto? 
A.  Hollow  tubes  produced  in  sandy  poila 
by  the  action  of  lightning. 

100. 

Q.  TiowdocsJigJitmngjiroince fulgurites? 

A.  "When  it  enters  the  earth,  it  ftises, 
(that  is,  mdts)  the  flinty  matter  of  the  sol! 
into  a  vitreous  (or  glassy)  substance,  called 
a  fidguriie. 

101. 

Q.  Wliy  is  the  bark  of  a  tree  often  rippo.il 
ijuite  off  by  a  flash  of  lightning? 


34  ELECTRICITY, 

A.  Because  the  latent  heat  of  the  tree 
(being  very  rapidlv  developed  by  the  elec- 
tric fluid)  forces  Wky  the  bark  in  its  im- 
petuosity to  escape. 

Some  part  of  this  is  probably  due  to  the  simple  fruehanieal  forci  of  the 
Jightnixg. 

102. 

Q.  How  does  lightning  sometimes  knock 
down  houses  and  churches? 

A.  The  steeple,  or  chimney  is  first  struck; 
the  lightning  then  darts  to  the  iron  bars 
and  cramps  employed  in  the  building ;  and 
(as  it  darts  from  bar  to  bar)  shatters  to  atoms 
the  bricks  and  stones  which  oppose  its  pro- 
gress. 

103. 

Q.  Can  you  tell  me  how  St.  Bride's 
church,  (London,)  was  nearly  destroyed  by 
lightning,  about  one  hundred  years  ago? 

A.  The  lightning  first  struck  the  metal 
vane,  and  ran  down  the  rod ;  it  then  darted 
to  the  iron  cramps,  employed  to  support 
the  building;  and  (as  it  flew  from  bar  lo 
bar)  smashed  the  stones  of  the  church, 
which  lay  between. 

104. 

Q.  Why  did  the  lightning  fly  about  from 
place  to  place? 
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A.  Because  it  always  takes  in  its  course 
the  best  conductors  ;  and  will  fly  both  right 
and  left,  in  order  to  r^^  them. 

103. 

Q.  Why  does  lightning  turn  milk  sour? 

A.  Lightning  causes  the  gases  of  the  air 
(through  which  it  passes)  to  combine,  and 
thus  produces  a  poison,  called  nitric  acid  ; 
Bome  small  portion  of  which,  mixing  with 
the  milk,  turns  it  sour.* 


Q.  What  is  the  difference  between  com- 
bining and  mixing? 

A.  When  different  ingredients  are  min- 
gled together  without  undergoing  any  chemical 
change,  they  are  said  to  be  mixed ;  but  when 
iha  natural  properties  of  each  are  altered  by 
"  e  union,  then  those  ingredients  are  said  to 
tnbined. 

107. 

■;  Give  me  an  example? 
,  Different  colored  sands    (shaken  to- 
ler  in  a  bottle)  will  mix,  but  not  com- 

tnipoiRl  iif  two  gasa,  CBllrd  nxyi;i-ii  anA  nilrngpn,  mi><rl 

ibtly  pditdiiBi  viz: — nitrnun  fiTlde,  nkric  nxiilpi  hyixinkrimi  noiA, 
•ciil,  iiid  DitriBBSiiliBeeDKlIngloiliEpriipurtiaaorEiichgu  in  Eh) 
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bine ;  but  water  poured  on  quick-lime,  will 
c&mbine  with  the  lime  and  not  mix  with  it. 


L08. 

Q.  Why  are  different  grains  of  sand  said 
to  be  mixed  when  they  are  shaken  together? 

A.  Because  (though  mingled  together) 
the  property  of  each  grain  remains  the  seme 
as  it  was  before. 

109. 

Q.  Why  is  water,  poured  on  h'me,  said  to 
combine  with  it? 

A.  Because  the  properties  of  each  are 
altered  by  the  mixture ;  the  lime  alters  the 
character  of  the  water,  and  the  water  that 
of  the  lime. 

110. 

Q.  Do  oxygen  and  nitrogen  combine^  or 
only  mix  together  in  atmospheric  air  ? 

A.  They  only  mix  together,  as  grains  of 
sand  would  do,  when  shaken  in  a  bottle. 
When  oxygen  and  nitrogen  combiney  they  do 
not  constitute  air^  but  acid  poisons. 

111. 
Q.  Why  does  lightning  turn  beer  sour  al- 
though contained  in  a  close  cask  ? 

A.  Because  if  beer  be  new  and  the  pro- 
cess of  fermentation  incomplete,  lightning 
will  so  accelerate  the  process,  as  to  turn  the 
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flugar  into  acetic  acid  at  once,  without  pass- 
ing through  the  intermediate  state  of  dco- 
hoi.  < 

112. 

Q.  Why  is  not  old  beer  and  strong  porter 
made  sour  by  lightning  ? 

A.  Because  the  fermentation  is  more 
complete ;  and,  therefore,  is  less  affected  by 
electrical  influence. 

113. 

Q.  Why  is  metal  sometimes  fused  by 
lightning? 

A.  Because  the  dimension  of  the  metal 
is  too  small  to  afford  a  path  for  the  electric 
current. 

114. 

Q.  Why  does  lightning  purify  the  air  ? 

A.  For  two  reasons ; 

1st.  Because  the  electric  fluid  produces 
"nitric  acid"  in  its  passage  through  the 
air;  and 

2nd.  Because  the  agitation  of  the  storm 
stirs  up  the  air. 

Tlie  *<  nitric  acid  *'  ig  produced  by  the  comibinaticn  of  tome  portions  of 
Ike  oxygen  and  nitrogen  of  the  air. 

115. 

Q.  How  does  the  production  of  nitric 
acid  purify  the  air  ? 

4 
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A.  Nitric  acid  acts  very  powerfully  in  de 
stroying  the  exhalations^  which   arise   from 
putrid  vegetable  and  animal  matters. 

116. 

Q.  Does  not  lightning  sometimes  affect 
the  character  of  iron  and  steel? 

A.  Yes ;  bars  of  iron  and  steel  are  some- 
times rendered  magnetic  by  Ughtning. 

117. 

Q.  Give  me  an  instance  of  the  magnetic 
effects  of  lightning  ? 

A.  Sometimes  it  will  reverse  the  needle 
of  the  magnet,  and  sometimes  destroy  its 
magnetism  altogether. 

118. 

Q.  What  is  meant  by  the  magnetic  needle 
being  reversed  ? 

A.  That  part  of  the  needle  which  ought 
to  point  toward  the  north,  is  made  to  point 
toward  the  south',  and  that  part  which 
ought  to  point  south,  is  made  to  point  to- 
ward the  north. 

SECTION  ITI. THUNDER. 

119. 

Q.  What  is  thunder? 

A.  The  noise  made  by  the  concussion  ol 
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the  air  when  it  closes  again,  after  it  has  been 
[larted  by  the  lightning  flash. 

A  part  of  the  nni»e  is  owing  to  certain  pkysieal  and  ehermeeU  ehangts  pro 
ilaced  iu  the  air  by  the  electric  fluid. 

120. 

Q.  Why  is  thunder  sometimes  one  vast 
crash? 

A.  Because  the  lightning-cloud  is  near  thp. 
earth  ;  and  as  all  the  vibrations  of  the  air, 
(on  which  sound  depends)  reach  the  ear  at 
the  same  moment^  they  seem  Uke  one  vast 
sound. 

121 

Q.  Why  is  the  peal  sometimes  an  irregu- 
lar broken  roar? 

A.  Because  the  hghtning-cloud  is  at  a 
great  distance  ;  and  as  some  of  the  vibrations 
of  the  air  have  much  further  to  travel  than 
others,  they  reach  the  ear  at  different  times y 
and  produce  a  continuous  sound. 

122. 

Q.  AVhich  vibrations  will  be  soonest 
lieard? 

A.  Those  produced  in  the  lowest  jDortious 
of  tlie  air. 

123. 

Q.  Why  will  those  vibrations  be  heard 
first y  which  are  made  last? 

A.  Because  the  flash  (which  produces  the 
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Bound)  is  almost  instantaneous y  but  sound 
takes  a  whole  second  of  time  to  travel  three 
hundred  and  eighty  yards. 

124. 

Q.  If  a  thunder-cloud  were  one  thousand 
nine  hundred  yards  oflf,  how  long  would  the 
peal  last? 

A.  Five  seconds;  we  should  first  hear  the 
vibrations  produced  in  those  portions  of  the 
air  contiguous  to  the  earth  ;  then  those  more 
remote  ;  and  it  would  be  five  seconds  before 
those  vibrations  could  reach  us,  which  were 
made  in  the  immediate  vicinity  of  the  cloud. 

m 

380X5=1900 

A  popular  method  of  tellings  how  far  off  a  storm  is,  is  this — The  moment 
you  see  the  flabh  put  your  hand  upon  your  pultie,  and  cotuit  how  many 
times  it  heats  before  you  henr  the  thunder ;  if  it  beats  six  pulsations,  tl.e 
■torm  is  one  mile  off;  if  twelve  pulsations,  it  is  two  miles  off,  and  so  on. 

125 

Q.  Why  is  thunder  sometimes  like  a  deep 
growl? 

A.  Because  the  storm  is  far  distant y  and 
the  sound  of  the  thunder  indistinct. 

126. 

Q.  Is  not  the  sound  of  thunder  ajHected 
by  locd  circumstances? 

A.  Yes ;  the  flatter  the  country  the  more 
unbroken  the  peal.  Mountains  break  the 
peal  and  make  it  harsh  and  irregular. 


pQ  What  is  the  cause  of  rolling  thunder  ? 
A.  The  vibrations  of  air  (having  dijfercnt 
lengths  to  travel)  reach  the  ear  at  successive 
intervals. 


Q.  Do  thunder-holts  ever  drop  from  the 
clouds  ? 

A.  No ;  the  notion  of  thtmder-bolts  arises 
either  fi-om  the  globidar  form  vrhich  light- 
ning sometimes  assumes ;  or  else  from  the 
gaseous  fire-balls,  which  sometimes  fall  from 


i 


clouds. 


Q.  Why  is  the  thunder  often  several  mo- 
ments after  the  flash  ? 

A.  Because  it  has  a  long  distance  to  tra^ 
Tel.  Lightning  travels  nearly  a  million 
times  faster  than  thunder ;  if,  therefore,  the 
thunder  has  a  great  distance  to  come,  it  will 
not  i-each  the  Garth,  till  a  considerable  time 
after  the  flash. 


Q.  Can  we  not  tell  the  distance  of  a  thun- 
der-clourl,  by  observing  the  interval  which 
elapsea  between  the  flash  and  the  peal  1 
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A.  Yes ;  the  flash  is  instantaneous,*  bui 
thunder  will  take  a  whole  second  of  time  to 
travel  three  hundred  and  eighty  yards; 
hence,  if  the  flash  be  five  seconds  before 
the  thunder,  the  cloud  is  nineteen  hundred 
yards  off. 

i.  e.  380X5=1000  yard*. 
131. 

Q.  Why  does  a  thunder-storm  generally 
follow  very  dry  weather  ? 

A.  Because  dry  air  (being  a  non-conduc- 
tor) will  not  relieve  the  clouds  of  their 
electricity ;  so  the  fluid  accumulates,  till  the 
clouds  are  discharged  in  a  storm. 

132. 

Q.  Why  does  a  thunder-storm  rarely  suc- 
ceed wet  weather  ? 

A.  Because  moist  air  or  falling  rain  (be- 
ing a  conductor,)  carries  down  the  electric 
fluid  gradually  and  silently  to  the  earth. 

133. 

Q.  What  kind  of  weather  generally  pre- 
cedes a  thunder-storm  ? 

A.  It  is  generally  preceded  by  hot  wea- 
ther. 

^fThe  speed  of  lightning  is  so  great,  that  it  wonld  go  four  hundred  and 
eighty  times  round  the  earth  in  one  minutpj  whereas,  thunder  would  § f 
searcely  thirteen  miles  in  the  same  space  or  time. 


BAP.  Ill— CHEMICAL   ACTION,   THE 
THIRD  CHIEF  SOURCE  OF  HEAT. 


Q.  What  is  meant  by  chemical  action  be- 
ing the  source  of  heat? 

A.  Many  things,  when  their  cliemicnl 
constitution  is  changed,  (either  by  the  ab- 
straction of  some  of  their  gases,  or  by  the 
combination  of  others  not  before  united) 
evolve  heat,  while  the  change  is  going  on. 


135. 

Q.  What  effect  has  heat  upon  substances 
generally? 

A.  It  expands  them,  or  enlarges  their  di- 
mensions. 

j  I. — Expansion  of  Liquids  and  Gases. 
136. 

Q.  Does  heat  expand  air  ? 

A.  Yes;  if  a  bladder  (partially  filled  with 
nir)  be  tied  up  at  the  neck,  and  laid  before 
the  fire;  the  air  will  expand  till  the  bladder 
hursts. 

137. 

Q.  Why  will  the  air  swell  if  the  bladder 
be  hiid  before  the  fire? 
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A.  Because  the  heat  of  the  fire  will  drive 
the  particles  of  air  apart  from  each  other y  and 
naiise  them  to  occupy  more  room  than  they 
did  before. 

138. 

Q.  Does  heat  expand  everything  else  be- 
sides air  and  water? 

A.  Yes;  every  thing  (that  man  is  ac- 
quainted with)  is  expanded  by  heat. 

139. 

Q.  Why  do  unslit  chestnuts  crack  with  a 
loud  noise  when  roasted? 

A.  Because  they  contain  a  great  deal  of 
air  which  is  expanded  by  the  heat  of  the 
fire ;  and  not  being  able  to  escape,  hirsts 
violently  through  the  thick  rind,  slitting  it, 
and  making  a  great  noise. 

140. 

Q.  What  occasions  the  loud  crack  or  re- 
port which  we  hear? 

A.  1st. — The  sudden  bursting  of  the  shell 
makes  a  report,  in  the  same  way  as  a  piece 
of  wood  or  glass  would  do,  if  snapped  in  two  ; 
and 

2nd. — The  escape  of  hot  air  from  the 
chestnut  makes  a  report  also  ;  in  the  same 
way  as  gunpowder y  when  it  escapes  from  a 
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141. 

Q.  Why  does  the  sudden  bursting  of  the 
Bhell,  or  snapping  of  a  piece  of  wood,  make 
a  report? 

A.  Because  a  violent  jerk  is  given  to  the 
air,  when  the  attraction  of  cohesion  is  thus 
suddenly  overcome.  This  jerk  produces 
rapid  undulations  in  the  air,  which  (striking 
upon  the  ear)  give  the  brain  a  sensation  of 
sound. 

142. 

Q.  Why  does  the  escape  of  air  from  the 
chestnut,  or  the  explosion  of  gunpowder,  pro- 
duce a  report? 

A.  Because  the  sudden  expansion  of  the 
imprisoned  air  produces  a  partial  vacuum ; 
the  report  is  caused  by  the  rushing  of  fresh 
air  to  fill  up  this  vacuum. 

143. 

Q.  If  a  chestnut  be  slit,  it  will  not  crack  ; 
why  is  this? 

A.  Because  the  heated  air  of  the  chestnut 
can  then  freely  escape  through  the  slit  in  the 
rind. 

144. 

Q.  Why  does  an  apple  split  and  spurt 
about  when  roasted? 

A.  Because  it  contains  a  vast  quantity  of 
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air  J  which  (being  expanded  by  the  heat  of 
the  fire)  bursts  through  the  peel^  carrying  the 
juice  of  the  api)le  along  with  it. 

145. 

Q.  Does  an  apple  contain  more  air  in  pro- 
portion than  a  chestnut? 

A.  Yes,  much  more.  There  is  as  much 
condensed  air  in  a  common  apple,  as  would 
fill  a  space  forty-eight  times  as  large  as  the 
apple  itself. 

146. 

Q.  How  can  all  this  air  be  stowed  in  an 

apple? 

A.  The  inside  of  an  apple  consists  of  little 
cells  (like  a  honey-comb,)  each  of  which 
contains  a  portion  of  air. 

147. 

Q.  When  an  apple  is  roasted^  why  is  one 
part  made  soft^  while  all  the  rest  remains 
hard? 

A.  Because  the  air  in  those  cells  next  the 
fire  is  expanded^  and  flies  out ;  the  cells  are 
broken^  and  their  juices  mixed  together ;  so 
the  apple  collapses  {from,  loss  of  air  and  juice,) 
and  feels  soft  in  those  parts. 

148. 

Q.  What  is  meant  by  the  "apple  collaps- 
ing?'' 
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A.  It  means  that  the  plumpness  gives  way, 
and  the  apple  becomes  flabby  and  shriveled. 

149. 

Q.  Why  do  sparks  of  fire  start  (with  a 
crackling  noise)  from  pieces  of  wood  laid 
upon  a  fire  ? 

A.  Because  the  air  {expanded  by  the  heat) 
forces  its  way  through  the  pores  of  the  wood  ; 
and  carries  along  with  it  the  covering  of  the 
porey  which  resisted  its  passage. 

150. 

Q.  What  is  meant  by  the  ^^ pores  of  the 
wood?'' 

A.  Very  small  holes  in  the  wood,  through 
which  the  sap  circulates. 

151. 

Q.  AVhat  are  the  sparks  of  fire  which 
burst  from  the  wood? 

A.  Very  small  pieces  of  wood  made  red 
hot,  and  separated  from  the  log  by  the  force 
of  the  air,  when  it  bursts  from  its  confine- 
ment. 

152. 

Q.  Why  does  light  porous  wood  moke  more 
snapping  than  any  other  kind? 

A.  Because  the  pores  are  very  large,  and 
contain  more  air  than  wood  of  a  closer  grain. 


\ 
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153. 

Q.  Why  does  green  wood  make  less  snap^ 
ping  than  dry? 

A.  Because  the  pores  being  filled  with 
sap,  contain  very  little  air. 

154. 

Q.  Why  does  dry  wood  make  more  snap- 
ping  than  green? 

A.  Because  the  sap  is  dried  up,  and  the 
pores  are  filled  with  air  instead. 

155. 

Q.  Wliy  does  dry  wood  hum  more  easily 
than  g;reen  or  wet  wood  ? 

A.  Because  the  pores  of  dry  wood  are 
filled  with  air  which  supports  combustion ; 
but  the  pores  of  green  or  wet  wood  are  filled 
with  moisture y  which  extinguishes  flame. 

156. 

Q.  Why  does  moisture  extinguish  flame  ? 

A.  1st. — ^Because  it  prevents  the  hydrogen 
of  the  fuel  from  mixing  with  the  oxygen  of 
the  air,  to  form  carbonic  acid  gas  ;  and 

2nd. — Because  heat  is  perpetually  carried 
off,  by  the  formation  of  the  sap  or  mois 
ture  into  steam. 

157. 

Q.  Why  do  stones  snap  and  fly  about  when 
heated  in  the  fire  ? 
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A.  Beeause  the  close  texture  of  tlie  stone ' 
prevents  the  hot  air  from  escaping ;  in  con- 
wquence  of  which,  it  bursts  forth  with  great 
violence,  tearing  the  stone  to  atoms,  and 
forcing  the  fragments  into  the  room. 


Q.  When  bottled  de  or  porter  is  set  be- 
fore tkfire,  why  is  the  cork  forced  out  some- 
times ? 

A.  Because  the  carbonic  acid  of  the  liquor 
txpands  by  the  heat,  and  drives  out  the 
cork. 

Gubooie  aciil  gat  it  a  eomptmtid  o(  carbtm  nod  QxygriL 
159. 

Q.  "Wliy  does  ale  or  porter  froth  more  af- 
ter it  ha.s  been  set  before  the  fire  ? 

A.  Because  the  heat  of  the  fire  sets  Iree 
tlie  carbonic  acid  of  the  liquor ;  which  is 
entangled  as  it  rises  through  the  Hquor, 
and  proiluces  hubbies  or  froth. 

160. 

Q.  When  a  boy  makes  a  balloon,  and  seta 
(ire  to  the  cotton  or  sponge  (which  has  been 
Bleeped  in  spirits  of  wine,)  why  is  the  bal- 
loon inflated? 

A.  Because  the  air  of  the  balloon  is  ex- 
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panded  by  the  flame,  till  ever}'-  crumple  h 
inflated  and  made  smooth. 

161. 

Q.  Why  does  the  balloon  rise  after  it  has 
been  inflated  by  the  expanded  air  ? 

A.  Because  the  same  quantity  of  air  is 
expanded  to  three  or  four  times  its  miginal 
volume;  and  made  so  mnch  lighter,  that  even 
when  all  the  paper,  wire,  and  cotton  are 
added,  it  is  still  lighter  than  common  air. 

3  62. 

Q.  Why  does  smoke  rush  up  a  chimney  ? 

A.  Because  the  heat  of  the  fire  expands 
the  air  in  the  chimney ;  which  (being  thus 
made  lighter  than  the  air  around)  rises  up 
the  chimney,  and  carries  the  smoke  in  its 
current. 

163.     • 

Q.  Why  will  a  long  chimney  smoke,  un- 
less the  fire  be  pretty  fierce  ? 

A.  Because  the  heat  of  the  fire  will  not 
be  sufficient  to  rarify  all  the  air  in  the  chim^ 
my. 

164. 

Q.  Why  will  the  chimney  smoke,  unless 
the  fire  be  fi>erce  enough  to  heat  all  the  air 
in  the  chimney  flue  ? 
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A.  Because  the  cold  air  (condensed  in  the 
upper  part  of  the  flue)  will  sink  from  its 
own  loeight;  and  sweep  the  ascending  smoke 
back  into  the  room. 

165. 

Q.  What  is  the  use  of  a  cowl  upon  a 
chimney-pot  ? 

A.  It  acts  as  a  screen,  to  prevent  the  wind 
from  blowing  into  the  chimney. 

166. 

Q.  What  harm  would  the  wind  do  if  it 
were  to  blow  into  a  chimney? 

A.  1st. — ^It  would  prevent  the  smoke 
from  getting  out ;  and 

2nd. — The  cold  air  (introduced  into  the 
chimney  by  the  wind)  would  fall  down  the 
flue,  and  drive  the  smoke  with  it  into  the 
room. 

167. 

Q.  How  are  houses  and  other  buildings 
lieated  with  hot  air  ? 

A.  The  fire  is  kindled  in  a  grate  or  stove 
which  is  erected  in  the  cellar.  This  fire 
li»3ats  the  air  in  contact  with  it  in  the  air 
chamber,  as  it  is  called — and  as  heated  air 
always  ascends,  it  is  forced  up  into  the  dif- 
ferent apartments  of  the  building. 
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168. 

Q.  What  is  an  air  chamber  ? 

A.  It  is  an  enclosure  around  the  grate  or 
Btove,  with  openings  below  to  admit  the 
cold  air  from  the  cellar  to  rush  in  to  sup- 
ply the  place  of  the  heated  air  which  as- 
cends into  the  rooms  above.  Sometimes 
the  air  chamber  is  supplied  with  cold  air 
by  pipes,  which  conduct  the  cold  air  outside 
of  the  house  into  the  air  chamber. 

169. 

Q.  Why  are  the  bricks  and  flag  stones  of 
our  pavements  frequently  loosened  after  a 
frost? 

A.  Because  the  moisture  beneath  them. 
expanded  during  the  frost,  and  raised  the 
bricks  and  flag-stones  from  their  beds ;  but 
afterward,  the  moisture  thawed  and  con- 
densed again,  leaving  the  bricks  and  stones 
loose. 

170. 

Q.  In  England,  it  is  customary  to  place 
a  cup  in  an  inverted  position,  into  a  fruit 
pie ;  why  is  this  done  ? 

A.  Its  principal  use  is  to  hold  the  crust  up, 
and  prevent  it  from  sinkings  when  the  cooked 
fruit  gives  way  under  it. 
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171. 

,  Does  not  the  cup  prevent  the  fruit  of 
Bpie  from  boiling  over? 
A.  No — it  will  rather  tend  to  make  it  boil 
over,  as  tliere  will  be  less  room  in  the  dish. 

172. 

Explain  this. 
,  When  the  pie  is  put  into  the  oveii 
tie  air  in  the  cup  -will  begin  to  expand,  and 
drive  every  particle  of  juice  from  under  it; 
in  consequence  of  which,  the  pie-clish  will 
have  a  cup-full  less  room  to  hold  its  fruit  in, 
than  if  the  cup  were  token  out. 

173. 

Q.  If  the  juice  is  driven  out  of  the  cup, 
why  is  the  cup  always  fidl  of  juice  when 
the  pie  is  cut  up  ? 

A.  Because  as  soon  as  the  pie  la  taken 
out  of  the  oven,  the  air  in  the  cup  begins 
to  condense  again,  and  occupy  a  smaller  space, 
and,  aa  the  cup  is  no  longer  full  of  air,  juice 
rushes  in  to  occupy  the  void. 

174. 

Q.  Why  does  juice  rush  into  the  cup 
when  the  cup  is  not  fuJ-l  of  ajr  " 

A.  Because  the  external  air  presses 
'.he  tvrface  of  the  juice,  which  rushes 
5* 
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struded   into  the   cup;    as  mercury  rises 
through  the  tube  of  a  barometer. 

N.  B.  Since  the  juice  of  the  pie  runs  inUi  the  cup,  as  soon  as  it  is  tnttsi 
oat  of  the  oven ;  the  cup  prevents  the  juice  from  heinir  spilt  over  the  cruft. 
when  the  pie  i^  currien  about  from  place  to  place;  althoogh  it  does  nci 
prevent  the  fruit  from  boiling  over. 


§  II. — Expansion  of  Metals. 
175. 

Q.  What  metal  is  distinguished  from  all 
others  by  its  fluidity  at  ordinary  tempera- 
tures? 

A.  Mercury  or  quicksilver. 

176. 

Q.  Does  mercury  like  other  metals  ea:- 
pand  by  heat  ? 

A.  It  readily  expands  or  contracts  with 
every  variation  of  temperature. 

177. 

Q.  For  what  philosophical  instruments  is 
mercury  generally  used  ? 

A.  Its  regular  expansion  and  contraction 
by  every  increase  or  diminution  of  tempe- 
rature, renders  it  preferable  to  all  other 
li(|uids  for  filling  the  tubes  of  barometers  and 
thermometers 

178. 

Q.  Why  does  the  mercury  of  a  thermO' 
meter  rise  in  hot  weather  ? 
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A.  Because  heat  expands  the  metd,  which 
(bemg  increased  in  bulk)  occupies  a  larger 
Hpace;  and,  consequently,  rises  higher  in 
the  tube. 

179. 

Q.  Why  is  a  glass  broken  when  hot  water 
is  poured  into  it  ? 

A.  Because  the  inside  of  the  glass  is  ex- 
panded by  the  hot  water,  and  not  the  out^ 
side  ;  so  the  glass  snaps y  in  consequence  of 
this  unequal  expansion. 

180. 

Q.  Why  is  not  the  outside  of  the  glass 
expanded  by  the  hot  water  as  well  as  the 
inside  ? 

A.  Because  glass  is  a  had  conductor  of 
heat,  and  breaks  before  the  heat  of  the  inner 
surface  is  conducted  to  the  outside. 

181. 

Q.  ^Vhy  does  a  glass  snap  because  the 
inner  surflice  is  hotter  than  the  outer  ? 

A.  Because  the  inner  surface  is  expanded 
and  not  the  outer;  in  consequence  of  which, 
an  opposing  force  is  created,  which  breaks 
the  glass. 

182 

Q.  Why  is  a  china  cup  broken  if  hot  wa 
ter  be  poured  into  it  ? 
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A.  Because  it  is  a  bad  conductor  ;  and,  as 
tlie  inner  surface  expands  from  the  heat, 
(fuid  not  the  outcry)  an  opposing  force  is 
created,  which  breaks  the  cup. 

183. 

Q.  If  a  bar  of  metal  be  accurately  mea- 
sured when  cold;  and  afterwards  heated 
very  hot,  will  its  dimensions  have  increased  ? 

A.  Yes ;  all  metals  expand  by  heat ;  and 
a  bar  of  iron  when  hot  will  measure  more 
than  when  it  was  cold. 

184. 

Q.  Will  the  iron  contract  in  size  on  cool- 
ing, after  it  has  been  heated? 

A.  Yes;  it  will  return  to  its  former 
dimensions  on  getting  cold  again. 

185. 

Q.  Why  do  most  persons  dip  their  razoi 
in  hot  water  before  shaving  with  it? 

A.  Because  the  heat  of  the  water  ex- 
pands the  edge ;  by  that  means  rendering 
it  more  fine  and  shai'p. 

186. 

Q.  Why  does  a  cooper  heat  his  hoops  red 
hot  when  he  puts  them  on  a  tub? 

A.  1st. — As  iron  expands  by  heat,  the 
lioops  will  be  larger  when  they  are  red  hot ; 
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bnsequence  of  which,  they  will  fit  i 

jtub  more  easily ;  and 

2ad. — As  iron  contracts  by  cold,  the  hooa 
will  shrink  as  thej  cool  down,  and  girl  tn 
tub  with  a  tighter  grasp. 


0.  Why  does  a  wheelwright  make  the 

Rot  which  he  fixes  on  a  wheel? 
1st. — ^That  it  may  jit  on  more  easih 
1 


pd. — That  it  may  girt   the  wheel  i 


Why  will  the  wheelwright's  lire  fit  the 
wheel  more  easily,  for  being  made  red  hot? 
A.  Because    it  will  be  expanded  by  the 
and  (being  larger)  will  go    ou    th% ' 
il  more  easily. 


.  Why  wUl  the  tire   which   has  be^ 
1  hot,  girt  the  wheel  more  firmly? 
Because  it  will  shrink  when  it  cool'P 
;  and,  therefore,  girt  the  wheel  with  a 
tighter  grasp. 

^^^m  Why  does  a  stove  make  a  cr-icklm 
^^^■'when  a  fire  is  very  hot? 
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A.  Because  it  expands  from  the  heat;  and 
ihe  parts  of  the  stove  rubbing  agamst  each 
other,  or  driving  against  the  bricks^  produce 
a  crackling  noise. 

191. 

Q  Why  does  a  stove  make  a  similar  crack- 
ling  noise  when  a  large  fire  is  put  out  ? 

A.  Because  it  contracts  again,  when  the 
fire  is  removed ;  in  consequence  of  which, 
the  parts  rub  against  each  other  again,  and 
the  bricks  are  again  disturbed. 

192. 

Q.  Why  does  the  plaster  vomA  a  staoe 
crack  and  fall  away? 

A.  Because  (when  the  fire  is  lighted)  the 
iron-work  expands  more  than  the  brick- work 
and  plaster,  and  pushes  them  away ;  but 
(when  the  fire  is  put  out)  the  metal  shrinks 
again,  and  leaves  the  "setting"  behind. 

The  «  setting  "  is  a  technical  word  for  the  plaster,  etc.,  in  immediate 
contnct  with  the  stove. 

These  quentinns  apply  more  particularly  to  what  is  called  a  *'  Franklia 
Stove  "—they  may  be  seen  in  many  of  our  farm  houses. 

193. 

Q.  Why  does  the  plaster  fall  away  ? 

A.  As  a  chink  is  left  (between  the  "set- 
ting'' and  the  stove,)  the  plaster  will  fre- 
quently fall  away  from  its  own  weight. 
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194. 

Q.  Wliat  other  cause  contributes  to  hnng 
i\ie  plaster  down? 

A.  As  the  heat  of  the  fire  varies,  the  size 
of  the  iron  stove  varies  also ;  and  this  swell- 
ing and  contracting  keep  up  such  a  constant 
disturbance  about  the  plaster,  that  it  a^acks 
and  falls  offy  leaving  the  fire-place  very  un- 
sightly. 

1^5. 

Q.  If  the  boiler  or  kettle  attached  to  a 
kitchen  range,  be  filled  with  cold  water 
sometime  after  the  fire  has  been  lighted,  it 
will  be  very  hkely  to  crack  or  burst.  Why 
is  this  ? 

A.  Because  the  heat  of  the  fire  has  caused 
the  metal  of  which  the  boiler  is  composed 
to  expand;  but  the  cold  water  very  suddenly 
contracts  again  those  parts  with  which  it 
comes  in  contact ;  and  as  one  part  is  larger 
than  the  other,  the  boiler  cracks  or  bursts. 

196. 

Q.  When  the  stopper  of  a  decanter  or 
smelling-bottle  sticks,  why  will  a  cloth 
wrung  out  of  hot  water,  and  wrapped  around 
the  neck  of  the  bottle,  Zoo^^ti  the  stopper? 

A.  Because  the  hot  cloth  heats  the  neck 
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of  the  bottle,  causing  it  to  expand^  and  con- 
sequently loosens  the  stopper. 

197. 

Q.  Why  does  the  stopper  of  a  decanter 
stick  fast  if  it  be  put  in  damp  ? 

A.  If  the  stopper  be  damp,  it  fits  the  ' 
decanter  air-tight ;  and  if  the  decanter  was 
last  used  in  a  heated  room,  as  soon  as  the 
hot  air  enclosed  in  the  inside  has  been  con- 
densed by  the  cold,  the  weight  of  the  ex- 
ternal air  will  be  sufficient  to  press  the 
stopper  down,  and  make  it  stick  fast. 

198. 

Q.  Why  does  the  stopper  of  a  smelling' 
bottle  very  often  stick  fast  ? 

A.  Because  the  contents  of  a  smelling- 
bottle  are  very  volatile,  and  leave  the  neck 
of  the  bottle,  and  the  stopper,  damp. 

If  the  smelling-bottle  wasla^t  used  in  a  hot  room,  an  toon  as  the  hot  air 
and  volatile  essence,  inside  the  bottle,  have  been  condensed  by  the  cold, 
the  weight  of  the  external  air  will  be  sufficient  to  press  the  stopper  down 
and  make  it  slick.    ' 


§  III. — Ventilation, 
199. 

Q.  What  is  ventilation  ? 

A.  The  renewal  of  fresh  air — a  continual 
change  of  air. 
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200. 

Q.  Is  the  air  in  a  room  in  perpetual  mo- 
tion as  the  air  abroad  is  ? 

A.  Yes ;  there  are  always  two  currents  of 
air  in  the  room  we  occupy ;  one  of  hot  air 
tiowing  out  of  the  room,  and  another  of  cold 
air  flowing  into  the  room. 

201. 

Q.  How  do  you  know  that  there  are  these 
two  currents  of  air  in  every  occupied  room  ? 

A.  If  I  hold  a  lighted  candle  near  the 
crevice  at  the  top  of  the  door,  the  flame  will 
be  blown  outward  (towards  the  hall ;)  but  if 
I  hold  the  candle  at  the  bottom  of  the  door^ 
the  flame  will  be  blown  inwards  (into  the 
room.) 

N  B.  This  H  not  the  case  if  a  firt  be  in  the  room.     When  a  fire  is 
lighted,  ail  inward  current  is  drawn  through  all  the  crevices. 

202. 

Q.  Why  would  the  flame  be  blown  out- 
wards (towards  the  hoUl,)  if  a  candle  be  held 
at  the  top  of  the  door  ? 

A.  Because  the  air  of  the  room  being 
heated,  and  consequently  rarified,  ascends , 
and  (floating  about  the  upper  part  of  the 
room)  some  of  it  escapes  through  the  crevice 
at  the  top  of  the  door,  producing  a  current 
of  air  outwards  (into  the  hall.) 

6 
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203 

Q.  Why  would  the  flame  be  blown  iw* 
wards  (into  the  room,)  if  the  candle  be  held 
at  the  bottom  of  the  door  ? 

A.  Because  a  partial  vacuum  is  made  at 
the  bottom  of  the  room,  as  soon  as  the  warm 
air  of  the  room  has  ascended  to  the  ceiling, 
or  made  its  escape  from  the  room ;  and  cold 
air  from  the  hall  rushes  under  the  door,  to 
ly  the  void. 

204. 

Q.  What  is  meant  by  a  "partial  vacuum 
being  made  at  the  bottom  of  the  room  ?" 

A.  A  vacuum  means  a  place  from  which 
the  air  has  been  taken;  and  a  "partial  va- 
cuum" means  a  place  from  which  a  part  of 
the  air  has  been  taken  away.  Thus,  when 
the  air  near  the  floor  ascends  to  the  ceiling, 
a  partial  vacuum  is  made  near  the  floor. 

205. 

Q.  And  how  is  the  vacuum  filled  up  again  ? 

A.  It  is  filled  up  by  colder  air,  which 
rushes  (under  the  door,  and  through  the 
'joindow  crevices)  into  the  room. 

206. 

Q.  Give  me  an  illustration  ? 

A.  If  I  dip  a  pail  into  a  pond'  and  fill  it 
with  water,  a  hole  (or  vacuum)  is  made  in 
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tlie  pond  as  big  as  the  pcdl ;  but  the  moment 
I  draw  the  pail  out,  the  hole  is  filled  up  by 
the  water  around. 

207. 

Q.  Show  how  this  illustration  applies  ? 

A.  The  heated  air,  which  ascends  from 
the  bottom  of  a  room,  is  as  much  taken 
away  as  the  water  in  the  pail ;  and  (as  the 
void  was  instantly  supplied  by  other  water 
in  the  pond)  so  the  void  of  air  is  supplied  by 
the  air  around. 

208. 

Q.  Why  is  a  room  (even  without  a  fire) 
generally  warmer  than  the  open  air  ? 

A.  Because  the  air  in  a  room  is  not  sub- 
ject to  much  change,  and  soon  becomes  of  the 
same  temperature  as  our  skin,  when  it  no 
longer  feels  cold. 

209. 

Q.  Why  do  we  generally  feel  colder  out- 
of-doors  than  in-doors? 

A.  Because  the  air  (which  surrounds  us) 
is  always  changing ;  and  as  fast  as  one  por- 
tion of  air  has  become  warmer  by  contact 
with  our  body,  another  colder  portion  sur- 
rounds us,  to  absorb  more  heat. 

210. 

Q.  Why  is  there  a  strong  draught  through 
the  keyhole  of  a  door  ? 
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A.  Because  the  air  in  the  room  we  occupy 
is  warmer  than  the  air  in  the  hall ;  there- 
fore, the  air  from  the  hall  rushes  through  the 
keyhole  into  the  room,  and  causes  a  draught 

211. 

Q.  Why  is  there  a  strong  draught  under 
the  door^  and  through  the  crevice  on  each 
side? 

A.  Because  cold  air  rushes  from  the  holly 
to  supply  the  void  in  the  room,  caused  by 
the  escape  of  warm  air  up  the  chimney,  etc. 

212. 

Q.  Why  is  there  always  a  rfrawgA/ through 
the  window  crevices  ? 

A.  Because  the  external  air  (being  colder 
than  the  air  of  the  room  we  occupy)  rushes 
through  the  window  crevices  to  supply  the 
deficiency y  caused  by  the  escape  of  warm  air 
up  the  chimney,  etc. 

213. 

Q.  If  you  open  the  lower  sash  of  a  win- 
dow, there  is  more  draught  than  if  you  open 
the  upper  sash.     Explain  the  reason  of  this? 

A.  If  the  lower  sash  be  open,  cold  external 
air  will  rush  freely  into  the  room  and  cause 
a  great  draught  inwards ;  but  if  the  upper 
sash  be  open,  the  heated  air  of  the  room  wDl 
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ruih  out,  and  (of  course)  there  will  ho  lei 
draught  inwards. 

214. 

Q.  By  which  means  is  a  room  better  ved 
(Hated — By  opening  the  upper  or  the  Iowa 
Biish  ? 

A.  A  room  is  better  ventilated  by  opening 
Llie  upper  sash  ;  because  the  hot  vitiated  air 
(which  always  ascends  toward  tlie  ceiling; 
can  escape  more  easily, 

215. 

Q.  By  which  means  is  a  hot  room  i 
quickly  cooled — By   opening  the  upper  i 
the  lo\*'er  sash  ? 

A.  A  hot  room  ie  coded  more  quickly  1 
opening  the  lower  sash  ;  because  the  cold  a 
can  enter  more  freely  at  the  lower  part  of 
the  room,  than  at  the  upper. 

216. 

Q.  Which  is  the  hottest  place  in  a  churchj 
chapel,  or  theatre  ? 
A.  The  galleiy. 

217. 

Q.  Why  is  the  ^alUry  of  all  public  place* 
hotter  than  the  lower  parts  of  the  building  ? 

A.  Because  the  heated  air  of  the  build- 
ing ascends  ;  and  all  the  cold  air  (which  can 
enter  through  the  doors  and  windows)  het 
to  the.  Jloor,  till  it  has  become  heated 
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218. 

Q.  Why  is  the  gallery  of  a  church  or  the- 
atre hotter  than  the  aisle  or  pit  ? 

A.  Because  the  hot  air  ascends  from  the 
bottom  to  the  top  of  the  building  ;  while  cold 
air  flows  to  the  bottom  from  the  doors  and 
windows. 

219. 

Q.  How  are  mines  ventilated  ? 

A.  The  mine  is  furnished  with  two  shafts 
or  flues.  These  flues  are  so  arranged,  that 
air  forced  down  one,  shall  traverse  the  whole 
extent  of  the  mine  before  it  escapes  by  the 
other.  By  keeping  up  a  fire  in  one  of  these 
shafts,  the  air  is  rarified  or  expanded  within, 
causing  an  ascending  current,  carrying  with 
it  all  the  noxious  gases,  and  rendering  the 
air  pure. 

220. 

Q.  What  effect  is  produced  upon  air  by 
rarif action  ? 

A.  It  is  made  lighter  and  ascends  through 
colder  strata ;  as  a  cork  (put  at  the  bottom 
of  a  basin  of  water)  rises  to  the  surface, 

221. 

Q.  Prove  that  rarified  air  ascends  ? 

A.  When  a  boy  sets  fire  to  the  cotton  or 
sponge  of  his  balloon,  the  flame  heats  the 
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air  ;  which  becomes  so  light,  that  it  ascend) 
and  carries  the  bcdloon  with  it. 


Q.  ^Yhy  should  stoves  be  fixed  as  uffl 
tUe  floor  of  a  room  as  possible  t 

In  order  that  the  air  in  the  lower  j. 
room  may  be  heated  by  the  fire. 


1      tue  u( 


Q.  Would  not  the  air  in  the  lower  part 
of  a  room  be  heated  equally  well  if  the 
stoves  were  more,  elevated  ? 

A.  No ;  the  heat  of  a  fire  has  very  little 
effect  upon  the  air  below  the  level  of  the  grate  ; 

'  therefore,  every  grate  should  be  as  near 
'lor  as  } 


loDdtl 


Our  feet  are  very  frequently  cold  wha 
we  sit  close  by  a  good  fire;  Explain  f 
reason  of  this  ? 

A.  As  the  fire  consumes  the  air  " 
passes  over  it,  cold  air  rushes  through  the 
crevices  of  the  doors  and  windows,  along  the 
fioor  of  the  room,  to  supply  the  deficiency ; 
and  these  currents  of  cold  air,  rushing  con- 
•ianthj  over  our  feet,  deprive  them  of  theil 
th. 

225. 

What  is  smoke  ? 


^^jrmnth. 
^^H.  What  i:^ 
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A.  Small  particles  of  carbon,  separated 
by  combustion  from  the  fuel,  but  not  coiu 
snmed. 

226. 

Q.  Why  does  smoke  ascend  the  chimney  ? 

A.  Because  the  air  of  the  room  (when  it 
passes  over  the  fire)  becomes  lighter  for  be- 
ing heated;  (being  thus  made  lighter)  ascends 
the  chimney,  carrying  the  smoke  with  it. 

227. 

Q.  Why  do  smoke  and  steam  curl  as  they 
ascend  ? 

A.  Because  they  are  forced  round  and 
round  by  the  ascending  and  descending  cur- 
rents of  air. 

228. 

Q.  Why  do  some  chimneys  smoke  ? 

A.  Because  fresh  air  is  not  admitted  into 
a  room  as  fast  as  it  is  consumed  by  the  fire  ; 
in  consequence  of  which  a  current  of  air 
rushes  down  the  chimney  to  supply  the  defir 
ciency,  driving  the  smoke  along  with  it. 

229. 

Q.  Why  cannot  air  be  supplied  as  fast  as 
it  is  consumed  by  the  fire  ? 

A.  Curtains  roimd  the  windows,  sand 
bags  at  the  threshold  of  the  doors,  and  all 
Buch  contrivances  keep  out  the  draught. 
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23a 

Q.  Why  will  the  air  come  down  the 
chimney  ? 

A.  Because  it  can  get  into  the  room  in 
uo  other  way,  if  the  doors  and  windows  are 
all  made  airtight. 

231 

Q.  What  is  the  best  remedy  in  such  a 
case? 

A.  The  speediest  remedy  is  to  open  the 
door  or  window;  but  by  far  the  best  re- 
medy, is  to  carry  a  small  tube  from  the 
hearth  into  the  external  air. 

232. 

Q.  Why  is  that  the  best  remedy? 

A.  Because  the  fire  will  be  plentifully 
supplied  with  air  by  the  tube ;  the  doors 
and  windows  may  all  remain  air-tight ;  and 
we  may  enjoy  a  warm  fire-side,  without  the 
inconvenience  of  draughts  of  air  and  cold 
feet. 

233. 

Q.  Why  is  a  chimney  raised  so  high  above 
the  roof? 

A.  That  it  may  not  smoke;  as  all  funnels 
do  which  are  too  short. 

234. 

Q.  What  is  meant  by  the  funnel  or  flue 
of  a  chimney  ? 
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A.  That  part  of  a  chimney  through  which 
the  smoke  passes. 

235. 

Q.  Why  does  a  chimney  smoke  if  the/w;i- 
nel  be  very  short  1 

A.  Because  the  draught  of  a  short  flue  is 
too  slack  to  carry  the  smoke  up  the  chimney. 

236. 

Q.  Why  is  the  draught  of  a  short  Jlue 
more  slack  than  that  of  a  long  one  ? 

A.  1st. — Because  the  fire  is  dways  dull 
and  sluggish  if  the  chimney  be  too  short : 

2nd. — ^Because  the  smoke  rolls  out  of  the 
chimney  before  it  has  acquired  its  full  ve- 
locity ;  and, 

3d. — ^Because  the  wind,  rain,  and  air, 
have  more  influence  over  a  short  funnel 
than  over  a  long  one. 

237. 

Q.  Why  is  the  fire  always  dull  and  slug- 
gish, if  the  chimney  flue  be  very  sho^rt  ? 

A.  Because  the  draught  is  bad ;  and,  as 
the  rarified  air  passes  very  tardily  up  the 
chimney — fresh  air  flows  as  tardily  toward 
the  fire,  to  supply  it  with  oxygen. 

233. 

Q.  Why  does  not  smoke  acquire  its  full 
velocity  in  a  short  funnel  ? 
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A.  Because  the  higher  smoke  ascends, 
(provided,  the  fire  be  clear  and  hot  and  the 
flue  be  unobstructed)  ihe  faster  it  goes;  if, 
therefore,  a  funnel  be  very  shorty  the  smoke 
never  acquires  its  full  velocity. 

239. 

Q.  Does  the  draught  of  a  chimney  de- 
pend on  the  speed  of  the  smoke  through  the 
flue? 

A.  Yes.  The  more  quickly  hot  air  flies 
up  the  chimney y  the  more  quickly  cold  air 
will  rush  toward  the  fire  to  supply  the  place ; 
and  therefore,  the  longer  the  flue,  the  greater 
the  draught. 

240. 

Q.  Why  are  the  chimneys  of  manufacto- 
ries made  so  very  long  ? 

A.  To  increase  the  intensity  of  the  fire . 

241. 

Q.  Why  is  the  intensity  of  a  fire  increased 
by  lengthening  the  flue  ? 

A.  Because  the  draught  being  greater, 
more  fuel  is  consumed  in  the  same  time ; 
and,  of  course,  the  intensity  of  the  heat  iff 
proportionally  greater. 

242. 

Q.  If  a  short  chimney  cannot  be  length 
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ened,  what  is  the  best  remedy  to  prevent 
smoking  ? 

A.  To  contract  the  opening  of  the  cMmney 
contiguous  to  the  stove. 

243. 

Q.  Why  will  a  smaller  opening  in  that 
jmrt  of  the  chimney  near  the  fire  prevent 
smoking  1 

A.  Because  the  air  will  be  compelled  to 
pass  nearer  the  fire  ;  and  (being  m^e  heated) 
will  rise  through  the  chimney  more  rapidly; 
this  increase  of  heat  will,  therefore,  compen-^ 
sate  for  the  shortness  of  the  flue. 

244. 

Q.  Why  will  a  room  be  full  of  smoke  if 
there  be  two  fires  in  it  ? 

A.  Because  the  fiercer  fire  will  exhaust 
the  most  air;  and  draw  from  the  smaller 
one,  to  supply  its  demand. 

245. 

Q.  Why  will  a  chimney  smoke  if  there  be 
a  fire  in  two  rooms  communicating  with  each 
other  ? 

A.  Because  (whenever  the  door  between 
the  two  rooms  is  opened)  air  will  rush  from 
the  chimney  of  the  inferior  fire  to  supply 
the  other  ;  and  both  rooms  will  be  filled  with 
smoke. 
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246. 

Q.  What  is  the  best  remedy  m  this  case? 

A.  Let  a  tube  be  carried  from  the  hearth 
of  each  fire  into  the  external  air ;  and  then 
each  fire  will  be  so  well  supplied,  that 
neither  will  need  to  borrow  from  the  other. 

247. 

Q.  Why  do  vestry  chimneys  so  often 
smoke  ? 

A.  Because  the  wind  (striking  against 
the  steeple)  is  reflected  back,  and,  rushing 
down  the  vestry  chimney,  forces  the  smoke 
into  the  room. 

248. 

Q.  Why  does  a  house  in  a  valley  very 
often  smoke  ? 

A.  Because  the  wind  (striking  against 
the  surrounding  hills)  hounds  hack  again  upon 
the  chimney,  and  destroys  its  draught. 

249. 

Q.  What  is  the  common  remedy  in  this 
case? 

A.  To  fix  a  cowl  on  the  chimney  top  to 
turn  like  a  weather-cock,  and  present  its 
back  to  the  wind. 

250. 

Q.  Why  will  not  a  cowl  always  prevent  a 
chimney  smoking  ? 

7 
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A.  Because  if  the  ^vind  be  strong,  and 
there  should  be  a  steeple  or  hill  near  the 
chimney,  it  would  keep  the  opening  of  the 
cowl  towards  the  steeple  or  hill;  and  then  the 
reflected  wind  would  blow  into  the  cowl,  and 
down  the  chimney. 

251. 

Q.  As  a  cowl  is  not  a  perfect  remedy,  can 
any  other  be  suggested  ? 

A.  Yes.  If  the  chimney-flue  can  be 
carried  higher  than  the  steeple  or  hill,  no 
wind  can  enter  the  flue. 

252. 

Q.  If  a  chimney  flue  be  carried  up  higher 
than  the  steeple  or  hill,  why  cannot  the 
wind  enter  it  ? 

A.  Because  the  reflected  wind  would 
strike  against  the  sides  of  the  chimney- 
flue,  and  not  pass  over  the  opening  at  all. 

253. 

Q.  In  what  other  caseawill  a  chimney 
fimoke  ? 

A.  If  the  door  and  fire-place  are  both  on 
the  same  side  of  the  room,  the  chimney  will 
very  often  smoke. 

254. 

Q.  Why  will  a  chimney  smoke  if  the  door 
and  fire-place  are  both  on  the  same  side  ? 
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,  Because  (whenever  the  door  is  open- 
i  current  of  air  will  blow  obliquely  into 

tke  chimney  place,  and  drive  tho  smoke  into 

the  room. 

253. 

Q.  What  remedy  can  be  applied  to  thia 

The  door  must  be  set  opposite  to  the 
chimney-place,  or  nearly  so  ;  and  then  the 
draught  from  the  door  will  blow  the  smoke  up 
the  chimney,  and  not  into  the  room. 

256. 

Q,  Why  will  a  chimney  smoke  if  it  needs 
swecpingi 

A.  Because  loose  soot  obstructs  the  free 
passage  of  the  smoke,  delays  its  current,  and 
prevents  the  draught. 

257. 

Q.  Why  will  a  chimney  smoke  if  it  be  oui 
of  repair  ? 

A.  Ist, — Bec&use  the  loose  mortar  and 
hriQka  obstruct  the  smoke  ;  and 

2nd. — Cold  air  (oozing  through  the 
chniks)  chills  the  air  in  the  chimney,  and  pre- 
vents its  ascent. 

258. 

Q.  Wliy  does  an  old  fashioned  farm-home 
'Mimney  often  smoke  1 
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A.  Because  the  opening  of  the  chimneys- 
place  is  so  very  large,  that  much  of  the  air 
which  goes  up  the  chimney,  has  never 
passed  near  enough  to  the  fire  to  become  heated ; 
and  this  cold  air  (mixing  with  the  hot)  so 
reduces  the  temperature  of  the  air  in  the 
chimney,  that  it  ascends  very  slowly  and 
the  draught  is  destroyed. 

259 

Q.  Why  does  a  chimney  smoke  if  the 
draught  be  slack  ? 

A.  Because  the  current  of  air  up  the 
chimney  is  not  powerful  enough  to  bnoy  up 
the  smoke  through  the  flue. 

260. 

Q.  If  the  opening  of  a  chimney  be  too 
large  what  remedy  can  be  applied  ? 

A.  The  chimney-place  must  be  contracted. 

261. 

Q.  Why  will  contracting  the  chimney- 
place  prevent  its  smoking  ? 

A.  Because  the  air  will  then  pass  nearer 
the  fire;  and  (being  more  heated)  will  fly 
faster  up  the  chimney. 

262. 

Q.  Why  do  almost  all  chimneys  smoke 
ui  gusty  weather  ? 

A.  Because  the  column  of  smoke  is  sud* 
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denly  chilled  by  the  wind,  and  (being  un- 
able to  ascend)  rushes  back  into  the  room. 

263 

Q .  What  is  the  use  of  a  chimney-pot  1 

A.  It  serves  to  increase  the  draught  when 
the  opening  of  a  chimney  is  too  large. 

264. 

Q.  How  does  a  chimney-pot  increase  the 
draught  of  a  chimney  ? 

A.  As  the  same  quantity  of  hot  air  has  to 
escape  through  a  smaller  openings  it  must 
pass  through  more  quickly. 

265. 

Q.  Why  do  blowers^  when  placed  before  a 
grate,  tend  to  kindle  the  fire  ? 

A.  Because  the  air  (by  passing  through 
the  fire)  is  made  much  hotter,  and  ascends 
the  chimney  more  rapidly. 

266. 

Q.  Why  is  a  fire  better  supplied  witli 
oxygen  while  the  blower  is  before  it  ? 

A.  Because  the  blower  increases  the 
draught ;  and  the  faster  the  hot  air  flies  up 
the  chimney,  the  faster  will  cold  air  rush 
towards  the  fire ^  to  supply  it  with  oxygen. 

267. 

Q.  Why  does  a  parlor  often  smell  dis- 
agreeably of  soot  in  summer  time  ? 

7* 
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A.  Because  the  air  in  the  (Jiimney  (being 
colder  than  the  air  in  the  parlor)  descends 
into  the  roomy  and  leaves  a  di.  i^yeeable  smell 
of  soot  behind. 

268. 

Q.  Why  does  a  poker  laid  act  oss  a  dull^c 
revive  it  ? 

A.  For  two  reasons :  Lit, — ^Because  the 
poker  concentrates  the  heaty  and  therefore  in- 
creases it ;  and 

2nd. — Air  is  arrested  in  the  narrow  aper- 
ture between  the  poker  and  the  coals,  and 
a  draught  created. 

269. 

Q.  Why  are  fires  placed  on  the  floor  of  a 
room,  and  not  towarids  the  ceiling  ? 

A.  Because  heated  air  always  ascends. 
If,  therefore,  the  fire  were  not  near  the  floor  j 
the  air  of  the  lower  part  of  the  room  would 
never  be  heated  by  the  fire  at  all. 

270. 

Q.  If  you  take  a  poker  out  of  the  fire,  and 
hold  the  hot  end  downwards ^  why  is  the  handle 
intensely  hx)t  ? 

A.  Because  the  hot  end  of  the  poker  heats 
the  air  around  it ;  and  this  hot  air  (in  its 
ascent)  scorches  \he  poker  and  the  hand  which 
holds  it. 
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271. 

Q.  How  should  a  red  hot  poker  be  carried, 
BO  as  not  to  burn  our  fingers  ? 

A.  With  the  hot  end  upwards ;  for  then 
tlie  air  (heated  by  the  poker)  would  not 
p  i:  s  over  our  hand  and  scorch  it. 
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272. 

Q.  What  is  meant  by  conduction  of  heat  ? 

A.  Heat  communicated  from  one  body  to 
another  by  actual  contact. 

§  I. — Conductors  of  Heat 
273. 

Q.  Why  do  some  things  feel  colder  than 
others  ? 

A.  Principally  because  they  are  better  con- 
ductors ;  and  draw  oflf  heat  from  our  body 
much  faster. 

274 

Q.  What  are  the  best  conductors  of  heat  ? 

A.  Dense y  solid  bodies y  such  as  metal  and 
fitone. 

275. 

Q.  Which  metals  are  the  most  rapid  can' 
ductors  o^heat? 
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A.  The  best  conductors  of  heat  are  1, 
gold ;  2,  silver ;   3,  copper : 

The  next  best  are  4,  platinum;  5,  iron; 
C,  zinc;  7,  tin.  Lead  is  a  very  inferior  con- 
ducter  to  any  of  the  preceding  metals. 

276. 

Q.  What  are  the  worst  conductors  of  heat? 

A.  All  light  and  porous  bodies;  such  as 
hair,  fur,  wool,  charcoal,  and  so  on. 

Two  of  the  worst  condactnrs  known  are  harems  fur  and  eider  down : — the 
two  next  worst  are  beaver's  fur  and  raw  silk: — then  wood  and  lamp- 
black ; — then  cotton  and  fine  lint ; — then  charcoal,  wood  ashes,  &c. 

277 

Q.  Why  does  a  piece  of  wood  (blazing  at 
one  end)  not  feel  hot  at  the  other? 

A.  Because  wood  is  so  bad  a  conductor,  that 
heat  does  not  traverse  freely  through  it; 
hence,  though  one  end  of  a  stick  be  blaz- 
ing the  other  end  may  be  quite  cold. 

278. 

Q.  Why  does  hjot  metal  feel  more  intensely 
warm  than  hot  wool  ? 

A.  Because  metal  gives  out  a  much 
greater  quantity  of  heat  in  the  seme  space  of 
time  ;  and  the  influx  of  heat  is,  consequently, 
more  perceptible. 

279. 

Q.  Why  does  money  in  our  pocket  feel 
very  hot  when  we  stand  before  a  fire  ? 
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A.  Because  metal  is  an  excellent  conduc- 
tor, and  becomes  rapidly  heated.  For  the 
Bame  reason,  it  becomes  rapidly  cold,  when- 
ever it  comes  in  contact  with  a  body  zalder 
than  itself. 

2S0. 

Q.  Why  does  a  poker  (resting  on  a  feu- 
der)  feel  colder  than  the  hearth-rug,  which  is 
further  off  the  fire  ? 

A.  Because  the  poker  is  an  excellent  con- 
ductor, and  draws  heat  from  the  liand  much 
more  rapidly  than  the  woolen  hearth-rug, 
which  is  a  very  had  conductor :  though  both, 
therefore,  are  equally  warm,  the  poker  seems 
to  be  the  cdder. 

281. 

Q.  Why  does  an  iron  pump-handle  feel  in- 
tensely cdd  in  winter? 

Jl.  Because  it  is  an  excellent  conductor, 
and  draws  off  the  heat  of  our  hand  so  ra- 
pidly, that  the  sudden  loss  produces  a  sen- 
sation of  intense  coldness. 

232. 

Q.  Is  the  iron  handle  of  the  pump  really 
cx)lder  than  the  wooden  pump  itself? 

A.  No ;  every  inanimate  substance  (ex- 
posed to  the  same  temperature)  possessed 
in  realify  the  same  degree  of.  heat. 
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283. 

Q.  Why  does  the  iron  handle  seem  «o 
much  colder  than  the  wooden  pump? 

A.  Merely  because  the  iron  is  a  better  can* 
ductor;  and,  therefore,  draws  off  the  heat 
from  our  hand  more  rapidly  than  wood 
does. 

284. 

Q.  Why  does  a  stone  or  marble  hearth  feel 
to  the  feet  colder  than  a  carpet  or  hearth- 
rug? 

A.  Because  stone  and  marble  are  good  con- 
ductors ;  but  woolen  carpets  and  hearth-rugs 
are  very  bad  conductors. 

285. 

Q.  How  does  the  stone  hearth  make  our 
feet  cold  ? 

A.  As  soon  as  the  hearth-stone  has  ab- 
sorbed a  portion  of  heat  from  our  foot,  it 
instantly  disposes  of  it,  and  calls  for  a  fresh 
supply;  till  the  hearth-stone  has  become  of 
the  sam^  temperature  as  the  foot  placed  upon  it, 

286. 

Q.  Do  not  also  the  woolen  carpet  and 
hearth-rug  conduct  heat  from  the  human 
body? 

A.  Yes ;  but  being  very  bad  conductors, 
they  convey  the  heat  awSiy  so  slowly ,  that 
the  loss  is  scarcely  perceptible. 
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287. 

Q.  Is  the  cold  hearth-stone  in  reality  of 
the  same  temperature  as  the  warm  carpet  ? 

A.  Yes;  every  thing  in  the  room  is 
really  of  one  temperature;  but  some  things 
feel  colder  than  others,  because  they  are 
better  conductors. 

288. 

Q.  How  long  will  the  hearth-stone  feel 
cold  to  the  feet  resting  on  it  ? 

A.  Till  the  feet  and  the  hearth-stone  are 
hoth  of  the  same  temperature;  and  then  the 
sensation  of  cold  in  the  hearth-stone  will 
go  off. 

289. 

Q.  Why  would  not  the  hearth-stone  feel 
coldy  when  it  is  of  the  same  temperature  as 
our  feet  ? 

A.  Because  the  heat  would  no  longer 
rush  out  of  our  feet  into  the  hearth-stone^  in 
order  to  produce  equilibrium. 

290 

Q.  Why  does  the  hearth-stone  (when  the 
file  is  lighted)  feel  hotter  than  the  hearth- 
rug? 

A.  Because  the  hearth-stone  is  an  excel- 
lent conductor,  and  parts  with  its  heat  very 
readily;  but  the  woollen  hearth-rug  (being 
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a  bad  conductor)  parts  with  its  heat  very 
reluctantly. 

291. 

Q.  Why  does  parting  with  heat  rapidly 
make  the  hearth-stone  feel  warm  ? 

A.  Because  the  rapid  influx  of  heat  raises 
the  temperature  of  our  body  so  suddenly^ 
that  we  cannot  help  perceiving  the  increase. 

292. 

Q.  Why  does  the  non-conducting  power 
of  the  hearth-rvg  prevent  its  feeling  so  hot 
as  it  really  is  ? 

A.  Because  it  parts  with  its  heat  so  slowly 
and  gradually,  that  we  scarcely  perceive  its 
transmission  into  our  feet. 

293. 

Q.  Why  are  cooking  vessels  often  furnished 
with  wooden  handles  ? 

A.  Because  wood  is  not  a  good  conductor, 
like  metal;  and,  therefore,  wooden  handles 
prevent  the  heat  of  the  vessel  from  rushing 
into  our  hands,  to  bum  them. 

294. 

Q.  Why  is  the  handle  of  a  metal  tea-pot 
made  of  wood  ? 

A.  Because  wood  is  a  bad  conductor;  there- 
fore, the  heat  of  the  boiling  water  is  not  so 
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quickly  conveyed  to  our  hdiid  by  a  wooden 
handle,  as  by  one  made  of  metal. 

295, 

•  Q.  Why  would  a  metd  handle  burn  the 
hand  of  the  tea^maker  ? 

A.,  Because  metal  is  an  excellent  conduc- 
tor;  therefore,  the  heat  of  boiling  water 
would  rusk  so  quickly  into  the  metal  kmdle, 
that  it  would  bum  our  hand. 

296. 

Q.  Prove  that  a  metal  htindle  would  be 
hotter  than  a  wooden  one. 

A.  If  we  touch  that  portion  of  the  metal, 
into  which  the  wooden  handle  is  fixed,  we 
Khali  find  that  the  wooden  handle  feels  cdd^ 
but  the  metal  intensely  hot. 

297. 

Q.  When  we  plunge  our  hands  into  a 
hasin  of  water,  why  does  it  produce  a  sensii- 
tion  of  cold  ? 

A.  Because  water  is  a  better  conductor  than 
atr ;  and,  as  it  draws  oflF  the  heat  from  our 
hond^  more  rapidly,  it  feels  colder. 

E98. 

Q.  Why  does  the  conducting  power  of 
water  make  it  feel  cc^der  than  air  ? 

A.  Because  it  abstracts  heat  from  our  hands 
.jfl  rapiiily,  that  -we  feel  its  loss;  but  the  air 
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abstracts  heat  so  very  slowly,  that  its  gradual 
loss  is  hardly  perceptible. 

299. 

Q.  Is  water  a  good  conductor  of  heat  ? 

A.  No;  no  liquid  is  a  good  conductor  cf 
heat;  but  yet  water  is  a  much  better  conr 
ductor  than  air. 

300. 

Q.  Why  is  water  a  better  conductor  of  heat 
than  air  ? 

A.  Because  it  is  less  subtile  ;  and  the  con- 
ducting power  of  any  substance  depends 
upon  its  solidity y  or  the  closeness  of  its  par- 
ticles, 

301. 

Q.  How  do  you  know  that  water  is  not  a 
good  conductor  of  heat  ? 

A.  Because  it  may  be  made  to  boil  at  its 
surface,  without  imparting  sufficient  heat  to 
melt  ice  a  quarter  of  an  inch  below  the  surface. 

302. 

Q.  Why  are  not  liquids  good  conductors  of 
heat  ? 

A.  Because  the  heat  (which  should  be 
transmitted)  produces  evaporation^  and  flies 
off  in  the  vapor. 

3oa 

Q.  Wliy  are  hot  bricks  (wrapped  in  cloth) 
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employed  iii  cold  weather  to  keep  the  feet 
wann  ? 

A  Because  bricks  are  bad  conductors  of 
heat,  and  cloth  or  flannel  still  worse  ;  in  con- 
sequence of  which,  a  hot  brick  (wrapped  in 
Qaunel)  will  retain  its  heat  a  very  long  time. 

304. 

Q.  Is  air  a  good  conductor  1 

A.  No ;  air  is  a  very  had  conductor  ;  and 
is  heated  (Uke  water)  by  convection, 

305. 

Q.  How  is  a  roarfi  warmed  by  a  staoe  1 

A.  The  air  nearest  the  fire  is  made  hot 
^st  and  rises;  cold  air  then  descends^  is 
heated,  and  ascends  in  like  manner;  and 
this  interchange  goes  on  till  all  the  air  of 
the  room  is  warmed. 

306. 

Q.  If  air  be  a  had  conductor  of  heat,  why 
should  we  not  feel  as  warm  without  clothing, 
as  when  we  are  wrapped  in  wool  and  fur  ? 

A.  Because  the  air  (which  is  cooler  than 
our  body)  is  never  at  rest ;  and  every  fresli 
particle  of  air  draws  off  a  fresh  portion  of 
heat. 

307. 

Q.  Why  are  woolens  and  furs  used  for 
dothing  in  cold  weather  ? 
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A.  Because  they  are  very  had  conductors 
of  heat ;  and,  therefore,  prevent  the  warmth 
of  the  body  from  being  drawn  off  by  the  cold 
air. 

308. 

Q.  Do  not  woolens  and  furs  actually  z;»- 
jmrt  heat  to  the  body  ? 

A.  No ;  they  merely  prevent  the  heat  of 
the  body  from  escaping. 

309. 

Q.  Where  would  the  heat  escape  to,  if 
the  body  were  not  wrapped  in  wool  or  fur  ? 

A.  The  heat  of  the  body  would  fly  off 
into  the  air ;  for  the  cold  air  (coming  m 
contact  with  our  body)  would  gradudly 
draw  away  its  heat^  till  it  was  as  cold  as  the 
air  itself. 

310 

Q.  What  then  is  the  principal  use  of  doth- 
tng  in  winter  time  ? 

A.  1st. — To  prevent  the  animal  heat 
from  escaping  too  freely ;  and 

2nd. — To  protect  the  body  from  the  ex^ 
ternd  air  (or  wind,)  which  would  carry 
away  its  heat  too  rapidly. 

311. 

Q.  Why  are  beasts  covered  with  /wr,  hai7 
or  wool? 
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A.  Because  fur,  hair  and  wool,  are  very 
How  conductors  of  heat;  and  (as  dumb  ani- 
mals cannot  be  clad,  like  human  beings) 
God  has  given  them  a  robe  of  hair  or  wool, 
to  keep  them  warm. 

312. 

Q.  Why  are  birds  covered  with  down  or 
feathers  ? 

A.  Because  down  and  feathers  are  very 
had  conductors  of  heat ;  and  (as  birds  cannot 
be  clad,  like  human  beings)  God  has  given 
them  a  robe  of  feathers,  to  keep  them  warm. 

313. 

Q.  Why  are  wool,  fur,  hair  and  feathers, 
Buch  slow  conductors  of  heat  ? 

A.  Because  a  great  quantity  of  air  lurks 
entangled  between  the  fibres ;  and  air  is  a 
very  bad  conductor  of  heat. 

The  warmest  clothinpr  is  that  which  fits  the  body  rather  loosely ;  because 
more  hot  air  will  be  confined  by  a  moderately  loose  garment  than  by  one 
Which  fit!  the  body  tightly. 

314. 

Q.  Why  is  moderately  loose  clothing 
war  mi  r  than  that  which  fits  tightly  ? 

A.  Because  air  is  a  bad  conductor ;  and 
Ibe  quantity  of  air  confined  between  our 
lK)die3  and  clothing — prevents ; 

Ifrf.. — The  heat  of  our  bodies  from  escap- 
ing,  Q*\d 

8* 
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2nd. — The  external  air  from  coming  into 
contact  with  our  bodies.  But  if  our  cloth 
ing  is  sufficiently  loose  to  admit  of  a  free 
circulation  of  air,  we  shall  feel  cold  j  and  on 
the  contrary  if  it  fits  veri/  tightly  it  impedes 
the  free  circulation  of  the  blood  and  we 
feel  cold. 

315. 

Q.  Does  not  the  bad  conducting  power 
lof  air  enable  persons  to  judge  whether  an 
legg  be  neM?  or  stale  ? 

A.  Yee ;  touch  the  larger  end  of  the 
ihell  with  your  tongue ;  if  it  feels  warm, 
Lthe  egg  is  stale  ;  if  not,  it  is  new-laid. 

316. 

Q.  Why  will  the  shell  of  a  stale  egg  feel 
tDorm  to  the  tongue  ? 

A.  Because  the  thick  end  of  an  egg  con- 
Sains  a  sTtiall  quantity  of  air  (between  the 
ihell  and  the  white;)  when  the  egg  is  stale 
he  white  shrinks,  and  the  confined  air  ac- 
sordingly  expands. 

317. 

Q.  Why  do  we  feel  colder  in  windy  wea- 
hher  than  in  a  calm  day  1 

A.  Because  the  particles  of  air  pass  c 
■  more  rapidly;  and  every  fresh  ] 
fttakes  from  us  some  portion  of  heat. 


pass  over 
.  ]mrticle 
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313. 

Q.  Show  the  wisdom  of  God  iu  making 
the  air  a  bad  conductor  ? 

A,  If  ail-  were  a.  good  i  onductor  (like  iron 
and  stone)  heat  would  be  drawn  so  rapidly 
from  our  body,  that  we  should  be  chilled  to 
death.  Similar  evils  would  be  felt  also  hy 
all  the  animal  and  vegetable  world. 

319. 

Q.  Why  are  rooms  much  warmer,  for  be- 
ing furnished  with  double  doors  and  win- 
dows? 

A.  Because  air  is  a  bad  conductor ;  and 
the  air  conPmed  between  the  double  doors 
and  windows,  opposes  hoth  the  escape  of 
warm  air  out  of  the  room,  and  of  cold  air 
into  the  room. 

320. 

Q,  \Thy  is  a  room  warmer  when  the  win- 
dow curtains  are  drawn  or  the  shutters  shut  ? 

A.  Because  air  is  a  bad  conductor  ;  and 
the  air  confined  between  the  curtiiins  or 
shutters  and  the  window,  opposes  both  the 
escape  £if  warm  air  out  of  the  room,  and  of 
ccAd  air  into  it. 


Q.  Why  does  a  linen  shirt  feel  colder  than 
0.  cotton  one  ? 


92  CHEMICiiL  ACTION. 

A.  Because  linen  is  a  much  better  conduc- 
tor than  cotton ;  and,  therefore,  (as  soon  as 
it  touches  the  body)  it  draws  away  the  heat 
more  rapidly ^  and  produces  a  greater  sensa- 
tion of  cold. 

322. 

Q.  Why  is  the  face  cooled  by  wiping  the 
temples  with  a  fine  cambric  handkerchief? 

A.  Because  the  fine  fibres  of  the  cam- 
bric have  a  strong  capillary  attraction  for 
moisture^  and  are  excellent  conductors  of  heat: 
in  consequence  of  which,  the  moisture  and 
heat  are  abstracted  from  the  face  by  the  cam- 
bric, and  a  sensation  of  coolness  produced. 

"  Capillary  attraction,''  i.  e.  the  eutraetion  of  a  thread  or  hair.  Tha 
wrick  of  a  cntidle  is  wet  with  grease,  because  the  melted  tallow  rans  ap 
the  cotton  from  capillary  attracticm. 

323. 

Q.  Why  would  not  a  cotton  handkerchief 
do  as  well  ? 

A.  Because  the  coarse  fibres  of  cotton 
have  very  little  capillary  attraction,  and 
are  very  bad  conductors  ;  in  consequence  of 
which,  the  heat  of  the  face  would  be  in- 
creased (rather  than  diminished)  by  the  use 
of  a  cotton  handkerchief.  ^ 

324. 

Q.  Is  the  earth  a  good  conductor  of  heat? 

A.  No ;  the  earth  is  a  very  bad  conduc- 
tor of  heat. 
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'  Q.  Why  ia  the  earth  a  bad  conductor  of 

Wtl 

A.  Bucaiise  Its  particles  are  not  continu- 
ous ;  niiA  the  power  of  conducting  heat  do- 
peads  upon  the  continuity  of  tnatter. 

326. 

Q.  Why  is  the  earth  (hdom  the  surface) 
warmer  m  winter  than  the  surface  itself? 

A,  Because  the  earth  is  a  had  conductor 
of  heat ;  andj  therefore,  (although  the 
ground  be  frozen,)  the  frost  never  pene- 
trates more  than  a  few  inches  below  the  sur- 
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Why  is  the  earth  (below  the  surface) 
va.  summer  than  the  surface  itself? 
A,  Because  the  earth  is  a  bad  conductor 
of  heat;  and,  therefore,  (although  the  sur 
face  be  scorched  with  the  burning  sun,)  the 
inteuse  heat  cannot  penetrate  to  the  ?tw?i 
of  tlie  plants  and  trees. 

328. 

Q.  Show  the  HJisrffwn  of  Go(i  in  making  the 
rarth  tibad  conductor ? 

A.  If  the  heat  and  ■cold  could  penetrate  the 
earth  (aa  freely  as  the  heat  of  a  fire  penu- 
Iratcfl  iron,)  the  springs  would  be  dried  up 
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in  summer,  and  frozen  in  winter ;  and  all 
vegetation  would  perish. 

329. 

Q.  Why  does  the  Bible  say,  that  God 
"giveth  snow  like  wool?^^ 

A.  Because  snow  (being  a  very  had  con- 
ductor of  heat)  protects  vegetables  and  seeds 
from  the  frost  and  cold. 

330. 

Q.  How  does  the  non-conducting  power 
of  snow  protect  vegetables  from  the  frost  and 
cold? 

A.  It  prevents  the  heat  of  the  earth  from 
being  drawn  off  by  the  cold  air  which  rests 
upon  it. 

331. 

Q.  Why  is  water  from  a  spring  always 
cooly  even  in  summer  ? 

A.  Because  the  earth  is  so  had  a  conductor y 
that  the  burning  rays  of  the  sun  can  pene- 
trate only  a  few  inches  below  the  surface ; 
in  consequence  of  which,  the  springs  of  wo- 
ter  are  not  affected  by  the  heat  of  summer. 

332. 

Q.  Why  is  it  cool  under  a  shady  w^e  in  a 
hot  summer's  dav  ? 

A.  1st. — ^Because  the  overhanging  fo- 
liage screens  off  the  rays  of  the  sun ; 
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2iid. — As  the  rays  of  the  sun  are  warded 
off,  the  air  (beneath  the  tree)  is  not  heated 
by  the  reflection  of  the  earth  ;  and 

3rd. — The  leaves  of  the  trees,  being  non- 
conductors^ allow  no  heat  to  penetrate  them 

333. 

Q.  Why  do  persons  use  paper  or  woolen 
kettle-holders  ? 

A.  Because  paper  and  woolen  are  both 
very  had  conductors  of  heat ;  in  consequence 
of  which,  the  heat  of  the  kettle  does  not 
readily  pass  through  them  to  the  hand. 

334. 

Q.  Does  the  heat  of  the  boiling  kettle 
never  g(dt  through  the  woolen  or  paper  kettle- 
holder  ? 

A.  Yes;  but  though  the  kettle-holder  be- 
came as  hot  as  the  kettle  itself,  it  would 
never  feel  so  hot. 

335. 

Q.  Why  would  not  the  kettle-holder  feel 
so  hot  as  the  kettle,  when  both  are  of  the 
same  temperature  ? 

A.  Because  it  is  a  very  had  conductor, 
and  disposes  of  its  heat  too  slowly  to  be  per- 
ceptihle  ;  but  metal  (being  an  excellent  con- 
ductor) disposes  of  its  heat  so  quickly,  that 
the  sudden  influx  is  painful. 
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336. 

Q.  Wliy  Is  the  hotiam  of  a  ketik  nearly 
cold  when  the  iDoter  is  boilijig  hot  ? 

A.  Because  black  soot  is  a  very  bad  con- 
ductor of  heat ;  and,  therefore,  the  heat  of 
the  boiling  water  takes  some  time  before  it 
gets  through  the  soot  which  adheres  to  the 
bottom  of  the  kettle. 

337. 

Q.  Why  is  the  lid  of  a  kelile  intensely  Jiot 
when  the  water  boils  ? 

A.  Because  the  bright  metal  lid  ia  an 
admirdile  conductor ;  and,  therefore,  the  heat 
from  the  boiling  water  pours  into  our  hand  the 
moment  we  touch  it. 

338. 

Q.  Why  are  ice-houses  lined  with  straw, 
and  generally  white-washed  on  the  outside  1 

A.  Ist. — Because  straw  is  a  very  bad  con- 
ductor of  heat,  and,  therefore,  prevents  the 
external  heat  from  getting  to  the  ice  ;  and 

2nd. — The  white-washed  roof  and  walls 
prevent  the  absorption  of  heat. 

339. 

Q.  Why  will  a  little  oil  on  the  surface  of 
water  prevent  its  freezing  ? 

A.  Because  oil  is  a  bad  conductor,  and  pre- 
vents heat  from  leaving  the  water, 
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340. 

Q.  A  eilver  tea-spoon  becomes  more 
Iieateii  by  hot  tea,  than  one  of  inferior  me- 
tal, (as  German  silver,  pewter,  etc. ;)  why 
is  this  ? 

A.  Because  silver  is  a  better  conducto'' 
than  Grenuau  silver  or  pewter. 


341. 

Q.  WhydoesameMjpoon  (left  in  a  sauce- 
pan) retard  the  process  of  6oi7mg  ? 

A.  Because  the  metal  spoon  (being  an 
excellent  conductor)  carries  off  the  heat  from 
the  water  ;  and  (as  heat  is  carried  off  by  the 
^oon)  the  water  takes  a  longer  time  to  boil. 

342 

Q.  Why  does  paint  preserve  wood  ? 

A.  1st, — Because  it  covers  the  surface  of 
the  wood,  and  prevents  both  air  and  damp 
from  peneti-ating  into  the  pores  ; 

2nd, — Because  paint  (especially  white 
paint)  being  a  bad  conductor,  preserves  the 
«rr>od  of  a  more  uniform  temperature ;  and 

3rd, — Because  it  fills  up  the  pores  of  the 
wood,  prevents  insects  and  vermin  from 
harboruig  therein  and  eating  up  the  fibre. 


J 
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343. 

Q.  Why  are  the  fire-irons  intensely  hot, 
when  they  rest  against  the  stove  which  con- 
tains a  good  fire  ? 

A.  Because  they  are  excellent  conductor's  oj 
heaty  and  draw  it  rapidly  from  the  stove  with 
which  they  are  in  contact. 

344. 

Q.  Why  are /m /ooif-2^armer5  covered  with 
flannel  ? 

A.  1st. — That  the  polish  of  the  tin  may 
not  be  injured ; 

2nd. — Because  the  flannel  (being  a  very 
bad  conductor)  helps  to  keep  the  tin  hot 
longer;  and 

3rd. — ^Lest  the  conducting  surface  of  the 
tin  should  feel  painfully  hot. 

345. 

Q.  What  disadvantage  would  it  be,  if  the 
polish  of  the  tin  were  injured  ? 

A.  If  the  tin  foot- warmer  were  to  lose  its 
polish,  it  would  get  cold  in  a  much  shorter 
time. 

346. 

Q.  Why  are  furnaces  and  stoves  (where 
much  heat  is  required)  built  of  porous  bricks  ? 

A.  Because  bricks  are  bad  conductors,  and 
prevent  the  escape  of  heat ;  in  consequence  of 
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which,  they  are  employed  where  great  hei 
ia  reriuired. 

317. 

Q.  Vflij  are  furnace  doors,  etc.,  freqiieull 
covered  with  a  paste  of  clay  and  saiid  ? 

A.  Because  this  paste  is  a  veri/  had  cor^ 
ductor  of  heat  ;  and,  therefore,  prevents  the 
escape  of  limt  from  the  furnace. 

343. 

Q.  If  a  stove  be  placed  ia  the  middle  of  a 
room,  should  it  be  made  of  bricks  or  iron  ? 

A.  A  stove  in  the  middle  of  a  room  should 
be  made  of  iron  ;  because  iron  is  an  excel- 
latt   conductor,  and   rapidly    communicates 

at  to  the  air  around. 


Q.  What  is  meant  by  the  convection  i 
heat?  _ 

A.  Heat  communicated  by  being  carried 
to  another  thing  or  place  ;  as  the  hot  water 
fating  on  the  bottom  of  a  liettle  carries  heat 
^^  "ihe  water  through  wliich  it  ascends.       " 

350. 

,  Are  liquids  good  conductors  of  heat  ?■ 
. ,  No ;  liquids  are  bad  conductors ;  i 
^therefore,  made  hot  by  convection. 
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3S1. 

Q.  Wliy  are  liquids  bad  conductors  of  heat  ? 

A.  Because  heat  converts  a  liquid  into 
steam ;  and  flies  off  with  tlie  vapor  iustea/l 
of  being  conducted  through  the  hquid. 

352. 

Q.  Explain  how  water  is  made  hot  ? 

A.  The  water  nearest  the  fire  is  first  heat- 
ed, and  (being  heated)  rises  to  the  top  ; 
while  its  place  is  supplied  by  colder  portions, 
which  are  heated  in  turn,  till  dl  the  water 
is  boiling  hot 

3S3. 

Q.  Why  is  water  in  such  continual  fer- 
ment, when  it  is  hoiling  ? 

A.  This  commotion  is  mainly  produced 
by  the  ascending  and  descending  currents  of 
hot  and  cold  water. 


Q.  How  do  these  two  currents  pass  each 
other? 

A.  The  hot  ascending  current  rises  up 
through  the  centre  of  the  mass  of  water ; 
while  the  cold  descending  currents  pass  down 
by  the  metal  sides  of  the  kettle. 
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355. 

FQ-  Why  is  heat  applied  to  the  bottom,  and 
Ubt  to  tlie  top  of  a  kettle  ? 

A.  Because  the  heated  water  always 
ascends  to  the  surface,  heating  the  water 
through  which  it  passes;  if,  therefore,  heat 
were  applied  to  the  top  of  a  vessel,  the  wa- 
ter below  the  surface  would  never  he  heated. 

356. 

Q.  As  the  lower  part  of  a  grate  is  made 
red-hot  by  the  fire  otrnje,  why  would  not  the 
to(der  boil,  if  fire  were  applied  to  the  top  of 
a  kettle  ? 

A.  The  iron  of  a  grate  is  an  excellent 
conductor  ;  if,  therefore,  one  part  be  heated, 
the  heat  is  conducted  to  eoery  other  part ; 
But  water  is  a  very  bad  conductor,  and  will 
not  diffuse  heat  in  a  similar  way, 

3S7. 

Q.  Prove  that  water  is  a  bad  conductor  of 
heat  ? 

A.  When  a  blacksmith  immerses  his  red- 
hot  iron  in  a  tank  of  water,  the  water  which 
Burrounds  the  iron  is  made  boiling  hat,  while 
ihat  below  the  surface  remains  quite  cold 
3sa 

Q.  If  you  wisli  to  cool  liquids,  where 
Khould  the  cold  be  applied  ? 
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A.  To  the  top  of  the  liquid  ;  because  the 
cold  portions  will  always  descend^  and  allow 
the  warmer  parts  to  come  in  contact  with 
the  cooling  substance. 

359. 

Q.  Does  boiling  water  get  hotter  by  be* 
ing  kept  on  the  fire  ? 

A.  No ; — ^not  if  the  st9am  be  suflFered  to 
escape. 

360. 

Q.  Why  does  not  boiling  water  get  Jwtter^ 
if  the  steam  be  suffered  to  escape  ? 

A.  Because  the  water  is  converted  into 
steam  as  fast  as  it  boils;  and  the  steam 
carries  away  the  additional  heat. 

361. 

Q.  Why  does  soup  keep  hot  longer  than 
boiling  water  ? 

A.  Because  the  grease  and  various  ingre- 
dients floating  in  the  soup,  oppose  the 
ascending  motion  of  the  hot  particles,  and 
prevent  their  rising  so  freely  to  the  surface 

362. 

Q.  If  you  wanted  to  keep  water  hot  for  a 
long  time,  how  could  it  be  done  ? 

A.  By  adding  a  little  starch  or  flour  to 
the  water. 
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363. 

Why  would  a  little  starch,  added  to 
Piling  water,  serve  to  keep  it  hot  ? 

A.  Because  it  would  oppose  the  ascend- 
iug  motion  of  the  hot  particles  of  water, 
and  prevent  their  rismg  so  freely  to  the 
surface. 

364. 

Q.  Why  do  Indian  mush,  rice  milk,  ^c,  re- 
main hot  longer  than  water  ? 

A.  Because  the  ascending  motion  of  the 
hot  particles  is  opposed  by  the  mush  or 
rice,  and  caimot  so  quickly  reach  the  sur- 
livce. 

363 

Q.  TIow  is  air  heated  ? 

A.  By  "convective  currents." 


Q.  Explain  what  is  meant  by  "  convective 
currents? 

A.  When  a  portion  of  air  is  heated,  it 
rises  upwards  in  a  current,  carrying  the  heat 
with  it ;  other  colder  air  succeeds,  and  (being 
hevted  in  a  similar  way)  ascends  also;  These 
are  called  "convective  currents," 
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367. 

Q.  Is  ain  heated  by  the  rays  of  the  sun? 

A.  No ;  air  is  not  heated  (in  any  sensible 
degree)  by  the  action  of  the  sun^s  rays  pass- 
ing through  it. 

368. 

Q.  Why  then  is  the  air  hotter  on  a  sunny 
day,  than  on  a  cloudy  one  ?  . 

A.  Because  the  sun  heats  the  surface  of 
the  earth,  and  the  air  (resting  on  the  earth) 
is  heated  by  contact :  as  soon  as  it  is  heated 
//  ascends;  while  its  place  is  supplied  by 
colder  portions  which  are  heated  in  turn 
also. 

369. 

Q.  If  air  be  a  bad  conductor,  why  does 
hot  iron  become  cold  by  exposure  to  the  air  ? 

A.  Because  it  is  made  cold; 
1st. — By  "  convection ; "  and, 
2nd.— By  "radiation." 

370. 

Q.  How  is  hot  iron  made  cold  by  conveC" 
tion  ? 

A.  The  air  resting  on  the  hot  iron  (being 
intensely  heated,)  rapidly  ascends  with  the 
heat  it  has  absorbed ;  colder  air  succeeding 
absorbs  more  heat  and  ascends  also ;  and  this 
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process  is  repeated  till  the  hot  irou  is  cooled 
completely  down. 

371. 

Q.  How  IB  broth  cooled  by  being  left  ( 
posed  to  the  air? 

A.  It  throws  off  some  heat  by  radiation  J 
but  it  is  mainly  cooled  down  by  convedion^\ 

.      373. 

Q.  How  is  hot  broth  cooled  down  by  con 
mdion  ? 

A.  The  air  resting  on  the  hot  broth  (being' 
heated)  ascends;  colder  air  succeeding  ab- 
sorbs more  heat,  and  ascends  also;  and  this 
process  is  repeated  till  the  broth  is  made  cod,m 

The  piitticJn  on  (lie  mifnce  of  Iho  brolh  sink  os  (hey  nro  co 
*iul  ir««w«T  pailielot  riw  la  iBaiuifaocj  whieh  gTEdoall)' umIi 


Q.  Why  is  hot  tea  and  broth,  cooled  faste 
by  being  stirred  about  1 

A.  1st. — Because  the  agitation  assists  in 
bringing  its*  hottest  particles  to  the  surface. 

2nd. — The  action  of  stirring  agitates  the 
air,   aud  brings  it  more  quickly  to  the  brothj 
Or  tea :  and 

3d. — As  the  hotter  particles  are  mori 
nipidly  brought  into  contict  with  the  air 
therefore,  convection  is  more  rapid. 
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374. 

Q.  How  does  blowing  hot  food  make  ii 
cool  ? 

A.  It  causes  the  air  (which  has  been 
heated  by  the  food)  to  change  more  rapidly, 
and  give  place  to  fresh  cold  air. 

375. 

Q.  If  a  shutter  be  closed  in  the  day- 
time, the  stream  of  light  (piercing  through 
the  crevice)  seems  in  constant  agitation. — 
^Vhy  is  this  ? 

A.  Because  little  motes  and  particles  of 
dust  (thrown  into  agitation  by  the  violence 
of  the  convective  currents,)  are  made  visible 
by  the  strong  beam  of  light  thrown  into 
the  room  through  the  crevice  of  the  shut- 
ter. 

376. 

Q.  When  potatoes  are  boiled,  why  are 
those  at  the  fop  of  the  boiler,  cooked  sooner 
than  those  nearer  the  fire  ?     ■  . 

A.  1st. — ^Because  the  hottest  particles  of 
the  water  rise  to  the  top  of  the  boiler,  and 
the  coldest  particles  sink  to  the  bottom ;  and 

2nd  — Because  the  top  of  the  boiler  is 
always  enveloped  with  very  hot  escaping 
steam ;  in  consequence  of  which,  the  pota- 
toes on  the  top  are  subjected  to  more  in- 
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tense  heat,  than  those  at  the  bottom  of  the 
boiler. 

377. 

Q.  Why  does  milk  boil  more  quickly  than 
water. 

A.  Milk  is  a  thicker  liquid  than  water, 
and  consequently  less  steam  escapes  through 
the  thick  liquid  (milk,)  than  through  the 
thin  liquid  (water;)  therefore,  the  heat  of 
the  whole  mass  of  the  milk  rises  more 
quickly. 

SECTION  III.— CHANGE  OF  STATE. 
378. 

Q.  What  does  change  of  state  mean  ? 

A.  The  change  which  a  substance  under- 
goes on  exposure  to  heat — Thus,  cold  water 
boUs^  or  if  the  temperature  be  reduced,  it 
freezes.  Some  solid  substances,  such  as 
wax,  or  metals  change  their  state  and  liquify 
by  heat. 

379. 

Q.  Why  does  melted  wax  become  hard 
when  cold  ? 

A.  Because  the  particles  collapse ;  and, 
being  packed  more  closely  together,  form  a 
solid. 

The  sole  difference  between  a  liquid  and  a  nolid,  is  this — In  a  solid  the 
particles  are  packed  more  closely  together,  than  ihey  are  in  a  liquid.  The 
letidenev  of  heat  is  to  drive  the  particlee /arfAer  apart  from  each  othei,  and 
that  to  Uquify  toUds. 
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380. 

Q.  Why  will  hot  iron  bend  more  easily 
'  than  cold? 

A.  Because  it  is  not  so  sdid.  The  parti- 
cles are  driven  farther  apart  by  heat,  and 
the  attraction  of  cohesion  is  thereby  weak- 
ened ;  therefore,  the  particles  can  be  made 
to  move  on  each  other  more  readily. 

Br  B  itiLL  rurlliH  unplicBiion  nf  hml.  ihc  pnnicln  will  be  driven  ■>  fur 


Q.  Why  does  hot  water  freeze  more  quickly 
than  cold  ? 

A.  Because  there  is  a  slight  agitation  on 

the   surface  of  hot  water,  which  promotes 

congelation,  by    assisting   the   crystals   to 

change  their  positions,  till  they  take  up  that 

I  which  is  most  favorable  to  their  solldifica^ 

I  tion. 


Q.  Why  are  some  things  solid,  othera 
liquid,  and  others  gaseous  ? 

A.  Because  the  particles  which  compose 
6ome  things  are  neai-er  together  than  they 
are  in  others.  Those  in  which  the  parti- 
cles are  closest  are  solid  ;  those  m  which  they 
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tire  farlhest  apart  are  ^asemis ;  and  the  lest 
liquid. 

383. 

Q.  Why  does  heat  change  a  solid  (like 
ice)  first  into  a  liquid,  and  then  into  a  gas  ? 

A.  Because  heat  drives  the  component 
particles  farther  asunder ;  hence  a  certiiin 
quantity  of  heat  changes  solid  ice  into  a 
liquid — and  a  further  addition  of  heat 
changes  the  liquid  into  Bteam. 

384. 

Q.  Is  steam  visible  or  invisible? 

A.  Steam  is  invisible  ;  but  when  it  cornea 
in  contact  with  the  air  (being  condensed  into 
small  drops)  it  instantly  becomea  viaible. 

385. 

Q.  How  do  you  know  that  steam  is  invi- 
s&le? 

A.  If  you  look  at  the  spout  of  a  boiling 
kettle,  you  will  find  that  the  steam  (whicli 
issucif  from  the  spout)  is  always  invisible 
for  about  half  an  inch;  after  which  it  6e- 
trmes  visible. 

386. 

■  jft.  Why  is  the  steam  invisible  for  half  an 

Because  the  air  is  not  able  to  con- 
10 
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dense  it,  as  it  first  issues  from  the  spout ; 
but  when  it  spreads  and  comes  in  contact 
with  a  larger  volume  of  air,  the  invisible 
steam  is  readily  condensed  into  visible  drops. 

387. 

Q.  Why  do  steam  engines  sometimes  burst  1 

A.  Because  steam  is  very  elastic;  and 
this  elasticity  increases  in  a  greater  propor- 
tion than  the  heat  which  produces  it ;  un- 
less, therefore,  some  vent  be  freely  allowed, 
steam  will  burst  the  vessel  which  confines 
it. 

§  I. — Latent  Heat, 
388. 

Q.  Why  does  steam  bum  so  much  more 
severely  than  boiling  water  ? 

A.  Steam  condenses  as  soon  as  it  is  ex- 
posed to  the  cold,  and  gives  out  all  the  heal 
by  which  it  was  produced ;  therefore,  as  one 
thousand  degrees  of  heat  become  latent  in 
steam,  it  gives  out  that  amount  when  con- 
densed, which  is  much  greater  than  boiling 
water. 

389. 

Q.  Is  there  heat  even  in  ice  ? 

A.  Yes ;  but  it  is  latent  (that  is,  not  per- 
ceptible to  our  senses.) 

Latent,  from  the  Latin  word,  Lateo,  (to  lie  hid.) 


LATEST  HEAT. 


i  How  do  you  know  there  is  heat,  if  ^ 

cannot  perceive  i 
A.  Thus  :  The  temperature  of  ice  is  32' 
by  the  thermometer ;  but  if  ice  be  raelteil 
over  a  fii-e,  (though  140°  of  heat  are  ; 
oorbed  by  the  process)  it  will  feel  no  hott^ 

» before. 
391. 
What  becomes  of  the  140°  of  heaUj 
1  went  into  the  ice  to  melt  it  ? 
It  is  hidden  in  the  water;  or  (to  spei; 
more  scientifically)  it  is  stored  up  m  a  it 

392. 

How  much  heat  may  be  thus  sccrete< 

!e  latent  ? 

All  thingg  contain  a  vast  quantity  of 
latent  heat ;  but  a.^  much  as  1 140°  of  heat 
may  remain  latent  in  wateT. 

393, 

Q.  How  can  1140°  of  heat  be  added  to 
water  without  being  perceptible  to  our  feel- 
mgs? 

A,  Ifit. — 140°  of  heat  are  hidden  in  waJ 
ter.  when  ice  is  melted  by  the  sun  or  fire  ; 

2nd. — 1000°  more  of  lieat  arc  secreted, 
when  water  is  converted  into  steam.    Thus, 
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before  ice  is  converted  into  steam,  1140°  of 
heat  become  latent. 

One  pint  of  boil  ins:  water  (212^  according  to  the  thermometer)  win 
make  eighteen  hundred  pints  or  steam ;  but  the  steam  is  no  hotter  to  the 
touch  than  boiling  water;  both  are 212®.  therefore,  when  water  is  coii« 
verted  into  »team,  1000^  of  heat  become  latent.  Hence,  before  ice  is  ooa- 
verted  into  gteara,  it  must  contain  1140®  of  latent  heat. 

394. 

Q.  Why  does  cold  water  poured  on  lime 
make  it  intensely  hot  ? 

A.  Because  heat  is  evolved  by  the  chemi- 
cal action  which  takes  place,  when  the  cold 
water  combines  with  the  lime. 

N.  B.  Heal  is  always  evoZoetf,  when  a  fluid  is  converted  into  a  solid  form. 
HcHt  i*  always  absorbed,  when  a  solid  is  changed  into  a  liquid  state.  As 
the  water  is  changed  from  its  liquid  form  when  it  is  taken  up  by  the  lime, 
therefore,  heat  is  given  off. 

395. 

Q.  Where  does  the  heat  come  from  ? 

A.  It  was  in  the  water  and  lime  before ; 
but  was  in  a  latent  state. 

396. 

Q.  Was  there  heat  in  the  cold  water  and 
lime  before  they  were  mixed  together  ? 

A.  Yes;  All  bodies  contain  heat;  the 
coldest  ice  as  well  as  the  hottest  fire. 

397. 

Q.  Explain  by  illustration  what  you 
mean? 

A.  Water  is  cold,  and  sulphuric  acid  ia 
cold ;  but  if  these  two  cold  liquids  be  mixed 
together,  they  will  produce  intense  heat. 


EBULLITION. 

6  n.— Ebullition. 
39S. 

What  18  ebtdlition  ? 
A.  Ehvllition,  or  boiling,  is  occasionecl  I 
the/ormalion  oi  bvbbles  ot  vapor  within  I" 
body  of  the  evaporating  liquid,  which  risj 
to  the  surface  and  then  break, 

399. 

Q.  Do  all  liquids  boil  at  the  same  fempeA 
ature? 

A.  No  ;  the  boiling  point  occurs  in  diifeij 
ent  liquids  at  very  different  temperatures^ 

400. 

Q.  Why  does  milk  boil  over  more  rea< 
than  water  ? 

A.  Because  the  bubbles  of  milk,  pi-oduceij 
by  the  process  of  boiling,  are  more  tenaciot  _ 
than  the  bubbles  of  water ;  and  these  bub- 
bles, accumulating  and  climbing  one  above 
another,  soon  overtop  the  rim  of  the  sauce- 
pan and  run  over. 

401. 

Q.  Why  does  water  simmer  before  it  boilaW 
A.  Because  the  particles  of  water  near 
the  bottom  of  the  kettle  (being  formed  into 
tteata  sooner  than  the  rest)  shoot  upwards  ; 
hut  are  condensed  again  (as  they  nse)  by  tht 
colder  water,  and  produce  what  is  calW 
nering." 

10' 
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402. 

Q.  What  is  meant  by  simmering  ? 

A.  A  gentle  tremor  or  undutation  on  the 
surface  of  the  water.  When  water  simmers, 
the  bubbles  cdlapse  beneath  the  surface,  and 
the  steam  is  condensed  to  water  again  ;  but 
ivhen  water  boils,  the  bubbles  rise  to  the  sur- 
face, and  the  steam  is  throvm  off. 

403. 

Q.  Why  does  a  kettk  sing  when  the  water 
simmers  ? 

A.  Because  the  air  (entangled  in  the  war 
ter)  escapes  by  Jits  and  starts  through  the 
spout  of  the  kettle,  which  makes  a  noise  Hke 
a  wind  iiistrument. 

404. 

Q.  WTiy  does  not  a  kettle  sing  when  the 
water  boils  ? 

A.  Because  all  the  water  is  boiling  hot ; 
80  the  steam  escapes  in  a  continuous  stream, 
and  not  by  fits  and  starts. 

405. 

Q.  When  does  a  kettle  sing  most? 
A.  When  it  is  set  on  the  side  of  the  fire 
to  boil 

40G. 

Q    Why  does  a  kettle  sing  more  when  il 
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is  set  on  the  side  of  a  fire,  than  when  it  is 
set  in  the  midst  of  the  fire  ' 

A.  Because  the    heat  is  applied  so  un- 
cqually,  that  one  side  is  made  hotter  than  the 
other  ;  in  consequence  of  which,  the  steal 
is  more  enta 


Q.  Why  does  a  kettle  sing,  when  the  bopj 
ing  water  begins  to  cool  again  ? 

A.  Because  the  uppe^r  surfiice  cools  j?rsfl 
and  the  steam  (which  rises  from  the  low^ 
part  of  the  kettle)  is  again  entangled, 
escapes  bj  Jits  and  starts. 

408. 

Q.  Why  does  boiling  water  swell  ? 

A.  Because  it  is  expanded  by  the  heatf. 
that  is^ — ^The  heat  of  the  fire  drives  the  par- 
ticles of  water /art  Acr  apart  from  each  other; 
and  (as  they  are  not  packed  so  dosely  together) 
they  take  up  more  room  ;  in  other  words,  tli«' 
water  swells. 

409. 

Q    What  is  meant  when  it  is  said, 
"heat  drives  the  particles  of  water  farthffll 
apart  from  each  other?" 

A.  Water  is  composed  of  little  globules,' 
like  very  email  grains  of  sand ;  the  heat 
Wccy  these  particles  away  from  each  other  ; 
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and  (as  they  then  require  more  room)  the 
water  s-ioells. 

410. 

Q.  Wliy  does  boiling  water  bubble  1 

A.  Because  the  vajior  (rieing  through  the 

water)  ia  entangled,  and  forces  up  bubbles  in 

its  effort  to  escape, 

N.  B.  AlltnEiiirorwatcriieipelkdnllticcpinnwnccnienlnriubDiUQg. 
411.  ' 

Q.  Why  does  a  kettle  sometimes  boil  over  ? 

A.  Because  the  water  is  expanded  by  heat ; 
if,  therefore,  a  kettle  mjUkd  with  cold  water, 
Bome  of  it  must  run  over,  aa  soon  as  it  is  ex- 
panded by  heat. 

412. 

Q.  But  I  have  seen  a  kettle  boil  over,- 
although  it  has  not  been  filled  full  of  water; 
how  do  you  account  for  that  ? 

A.  If  a  fire  be  very  fierce,  the  air  and  va- 
por are  expelled  so  rapidly,  that  the  biMles 
'  are  very  numerous  ;  and  (towering  one  above 
I  anotlier)  reach  the  top  of  the  kettle,  and  fall 
over. 

413. 

Q.  Why  is  a  pot  (which  was  full  to  over- 
fiowing,  while  the  water  was  boiling  hot)  not 
fidl,  after  it  has  been  taken  off  the  fire  for 
\  short  time  ? 


A.  Because  (while  the  water  13  ?i 
is  expanded  by  the  heat,  and  fills  the  jw 
even  to  overflowing ;  but,  when  it  become^ 
cool,  it  contracts  again,  and  occupiea  a  n 
less  space. 

414. 

Q.  Why  does  the  water  of  a  kettle  rim  oiifl 
of  the  spout  when  it  boils  ? 

A,  Because  the  lid  fits  so  tightly,  that 
the  steam  cannot  lift  it  up  and  escape  ;  be- 
ing confined,  therefore,  in  the  kettle,  it 
presses  on  the  water  with  great  power,  i 
forces  it  out  of  the  siwut. 

415. 

Q.  What  causes  the  rattling  noise,  so  oft 
mode  by  the  lid  of  a  saucepan  or  boiler  ? 

A.  The  steam  (seeking  to  escape)  for 
up  the  lid  of  the  boiler,  and  the  weig/ii  c 
the  lid  carries  it  back  again;  this  being  doni 
frequently,  produces  a  rattling  noise. 

416. 

Q.  If  the  steam  caidd  not  lift  up  the.  lid  ofJ 
the  boiler,  how  would  it  escape  ? 

A.  If  the  lid  fitted  so  tightly,  that  (he"* 
steam  could  not  raise  it  up,  the  bciler  would 

El  fragments,  and  the  consequences 
:  fatal. 
417. 
len  steam  pours  out  from  the  spoajl 
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of  a  kettle,  the  stream  begins  apparently  half 
an  inch  off  the  spout ;  why  does  it  not  be- 
gin close  to  the  spout  ? 

A.  Steam  is  really  mviw'We  ;  and  the  hall* 
inch  (between  the  spout  and  the  ^^  stream  of 
misty^)  is  the  real  steam,  before  it  has  been 
condensed  by  air. 

418. 

Q.  Why  is  noi.all  the  steam  invisible  as 
well  as  that  half-inch  ? 

A.  Because  the  invisible  particles  are 
condensed  by  the  cold  air ;  and,  rolling  oYie 
into  another,  look  like  a  thick  mist. 

419 

Q.  What  becomes  of  the  steam  ?  for  it  soon 
vanishes. 

A.  After  it  has  been  condensed  into  mist, 
it  is  dissolved  by  the  air,  and  dispersed  abroad 
as  invisible  vapor. 

420. 

Q.  And  what  becomes  of  the  invisible  vapor  f 

A.  Being  lighter  than  air,  it  ascends  to  the 

upper  regions  of  the  atmosphere,  where 

(being  again  condensed)  it  contributes  to  form 

clouds. 

421. 

Q.  Why  will  a  pot  (filled  with  water) 
never  boil,  when  immersed  in  another  vessel 
full  of  water  also  ? 
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A.  Because  water  can  never  be  heated 
abnoe  the  boiling  point;  all  the  heat  absorbed 
\>y  water  after  it  boils,  is  employed  in  gene- 
rating steam. 

43;. 
_^Q.  How  does  the  conversion  of  water 
steam,  prevent  the  inner  pot  from  hoU- 
7 
A.  Aa  soon  as  the  water  in  the  larger 
pot  is  boiling  hot  (or  212°,)  steam  is  formed 
and  carries  ojf  some  of  its  heat ;  therefore, 
212'  of  heat  can  never  pass  through  it,  to 
raise  the  inner  vessel  to  boiling  heat. 

423. 

Q.  Why  do  si^ar,  salt,  ^c,  retard  the  pro- 
logs of  boiling? 

A.  Because  they  increase  the  density  of 
water ;  and  whatever  increases  the  density 
of  a  fluid,  retards  its  boiling. 

424. 

Q.  If  you  want  water  to  boil  without 
the  vessel  containing  it  coming  in  contnut 
with  tiie  fire,  what  plan  must  you  adopt  ? 

A.  W^e  must  immerse  the  vessel  (containljij; 
the  water  to  be  boiled)  in  a  saucepan  con- 
taining boiling  brine,  or  syrup. 

475. 

Q.  Wliv  would  the  inner  vessel  boil,  if 
the  outer  vessel  contained  boiling  brine  ' 
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^^^B  A.  Becauee  brine  will  not  boil,  till  it  ia 
^■^ised  to  218"  or  220".  Therefore,  212"  of 
^^^Eheat  may  eaaily  pass  through  it,  to  raise  the 
^^^^vessel  immersed  in  it  to  boiling  heat. 

^^^H  Q.  Why  will  brine  impart  to  another  ves- 
^^^I'-fiel  more  than  212°,  and  water  not  so  much  ? 
i^^^r  A.  Because  no  liquid  can  impart  so  higli 
I  a  degree  of  heat,  as  its  own  boiling  tempe- 

rature :  As  water  boila  at  212°  it  cannot 
impart  212°  of  heat :  but,  aa  brine  will  not 
boil  without  218°  of  heat,  it  can  impart 
enough  to  make  water  boil. 

427. 

Q.  Why  can  liquids  impart  no  extra  heat, 
after  they  boil  ? 

A.  Because  all  extra  heat  is  spent  in 
making  steam.  Hence  water  will  not  boil  a 
vessel  of  water  immersed  in  it,  because  it 
CJinnot  impart  to  it  212°  of  heat;  but irmc 
will,  because  it  can  impart  more  than  212' 
of  heat,  before  it  is  itself  converted  into 
steam. 
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Tiat  is  meant  by  evaporation ,' 
A.  TUe  dissipation  of  liquid  by  its  cw 
version  inttJ  vapor. 

429T 

Q.  What  effects  are  produced  by  evapora 
lion  ? 

A.  The  liquid  vaporized  absorbs  heat  f 
the  body  whence  it  issues ;  and  the  body 
deprived  of  the  liquid  by  evaporation,  loses 
heat. 

430. 

Q.  If  you  wet  yoiir  finger  in  yourmoutj 
and  hold  it  up  in  the  air,  why  does  it 
ooid? 

A.  Because  the  saliva  quickly  evaporoi 
and  (as  it  evaporates)  absorbs  heat  from  I 
finger,  inaliing  it  feel  cold. 

431. 

Q.  If  you  bathe  jour  temples  with  ethei^ 
why  does  it  allay  infiammation  and  feverish 
heat  ? 

A.  Because  ether  very  rapidly  evaporates  ; 
and  (as  it  evaporates)  d)sorbs  heat  from  the 
burning  head,  producmg  a  sensation  of  cold. 


Q.  Why  ifl  ether  bettor  for  this 
than  water  ? 


purpo< 
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A.  Because  ether  requires  less  heat  to  cm* 
vert  it  into  vapor  ;  in  consequence  of  which, 
it  evaporates  more  quickly. 

N.  B.  Ether  is  cnnverteU  into  vapor  with  10(P  of  heat;  but  water  r«> 
quires  212^  of  heat  to  convert  it  into  steam. 

433. 

Q.  Why  does  ether  very  greatly  relieve  a 
scdd  or  hum  1 

A.  Because  it  evaporates  very  rapidly:  and 
(as  it  evaporates)  carries  off  the  heat  of  the 
burn. 

434. 

Q.  Why  do  we  feel  cold,  when  we  have 
wet  feet  or  clothes  ? 

A.  Because  the  wet  of  our  shoes  or 
clothes  rapidly  evaporates;  and  (as  it  evapo- 
rates) absorbs  heat  from  our  body,  which 
makes  us  feel  cold. 

435. 

Q.  Why  do  wet  feet  or  clothes  give  us 
*^  cold  V 

A.  Because  the  evaporation  absorbs  heat 
so  abundantly  from  the  surface  of  our  body, 
that  its  temperature  is  lowered  below  its  natu- 
ral  standard;  in  consequence  of  which, 
liealth  is  injured. 

436. 

Q.  Why  is  it  dangerous  to  sleep  in  a  damp 
hfid? 
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A.  Bucause  the  heat  ia  continually  aVi- 
Borbecl  from  the  surface  of  our  body,  to  to«- 
vert  the  damp  of  the  sheets  into  vapor;  in 
oousetjuence  of  which,  our  animal  heat  ia 
iiiduced  below  the  hedthy  standard. 

437. 

Q.  Why  is  health  injured,  when  the  tem- 
perature  of  the  bodi/  is  reduced  below  its  na- 
tural standard  ? 

A.  Because  the  balance  of  the  circulation 
ia  destroyed.  Blood  is  driven  away  from 
tbe  external  surface  by  the  chill,  and  thrown 
apoa  the  interned  organs,  which  are  oppressed 
by  this  increased  load  of  blood. 

433. 

Q.  Why  do  we  not  feel  the  same  sensa- 
tion of  cold,  if  we  throw  a  macintosh*  over 
our  wet  clothes  ? 

A.  Because  the  macintosh  (being  air 
tight)  premnts  evaporation:  and  {B3  the  wet 
amnot  evaporate)  no  heat  is  absorbed  from 
our  bodies, 

439. 

Q.  Why  do  not  sailors  get  cold,  who  are 
froquently  wet  all  day  with  sea-water  ? 

A.  1st. — ^Because  the  salt  of  the  sea  re- 
tards evaporation;  and  (as  the  heat  of  tlieir 
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body  is  drawn  off  gradually)  the  sensation 
of  cold  is  prevented, 

2nd. — The  salt  of  the  sea  acta  aa  a  stimu- 
Innt,  and  keeps  the  blood  circulating  in  the 
akin. 

4«0. 

Q.  Why  does  sprinkling  a  hot  room  with 
water  cod  it  ? 

A.  Because  the  heat  of  the  room  causes 
a  rapid  evaporation  of  the  sprinkled  water: 
find  as  the  water  evaporates,  it  absorbs  heat 
from  the  room,  which  cools  it. 

441. 

Q.  Why  is  it  customary,  in  very  hot  amn- 
iries,  to  sit  in  rooms  separated  by  curtains, 
instead  of  walls  or  doors;  and  to  keep  these 
curtains  constantly  sprinkled  with  water  ? 

A.  Because  curtains  are  had  conductors 
of  heat ;  and  the  rapid  evaporation  of  water 
reduces  the  temperature  of  the  room  ten  or 
fifteen  degrees. 

442. 

Q.  Why  does  watering  the  streets  tuid 
roads  cool  them  ? 

A.  Because  they  part  with  their  heat  to 

promote  lite  evaporation  of  the  water  sprinkled 
m  them. 
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Why  does  a  shower  of  rain  cool  the 

(rfr  in  siiinmer-time  ? 

A-  Because  the  wet  earth  parts  with  its 

heat  to  promote  evaporation :  and  when  the 
^    ~\  is  cooled,  it  cwo/s  the  air  also. 


TVTiy  is  linen  dried  by  being  exposed 

to  the  wind  ? 

A.  Because  the  wiqd  accelerates  evapora- 
tion, by  removing  the  vapor  from  the  sur- 
face of  the  wet  linen,  as  fast  as  it  is  formed, 

445. 

Q.  Why  is  linen  dried  sooner  in  the  open 
air,  than  in  a  confined  room  ? 

A.  Because  the  particles  of  vapor  are 
more  rapidly  removed  from  the  surface  of 
the  linen  by  evaporation. 

446. 

Q.  Why  are  wet  summers  generally  suc- 
ceeded by  cold  winters  ? 

A.  Because  the  great  evaporation  (car- 
ried on  through  the  wet  summer)  reducs 
the  temperature  of  the  earth  lower  than  usual, 
nnd  produces  cold. 

447. 

Q.  Why  are  our  eastern  and  many  of  our 
we^'tem  states  warmer,  and  the  winters  les.i 
severe  than  formerly  1 
11' 
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A.  Because  they  are  better  drained  and 
better  cultivated. 

44a 

Q.  Why  does  draining  land  promote 
warmth  ? 

A,  Because  it  diminishes  evaporation ;  in 
consequence  of  which,  less  heat  is  abstracted 
from  the  earth. 

449. 

Q.  Why  does  cultivation  increase  the 
warmth  of  a  country  ? 

A.  1st. — ^Because  hedges  and  belts  of  trees 
are  multiplied : 

2nd. — The  land  is  better  drained :  and 

3rd. — The  vast  forests  are  cut  dotvn. 

450. 

Q.  Why  do  hedges  and  belts  of  trees  pro- 
mote warmth  ? 

A.  Because  they  retard  evaporation^  by 
keeping  off  the  wind. 

451. 

Q.  If  belts  of  trees  promote  warmth,  why 
do  forests  produce  cold? 

A.  1st. — ^Because  they  detain  and  con- 
dense thp  passing  clouds : 

2nd. — They  prevent  the  access  of  both 
tmnd  and  sun : 


EVAPORATION, 

3rd. — The  soil  of  forests  is  always  cwere^ 
mth  long  damp  grass,  rotting  leaves,  and  thiA' 
brushwood:  aud 

4th. — In  every  forest  there  are  alwayi 
niiiiiy  hollows  f'idl  of  stagnant  water, 

452. 

Q.  Why  do  long  grass  aud  rotting  leava 
promote  cold? 

A.  Because  tkei/  i 
cvjiponition,  which  they  promote,  is  com 
stonily  absorbir^  heat  from  the  earth  bai 
ueath. 

4 

Q.  "VVhy  are  France  and  Germany  warm,^ 
now,  than  when  the  vine  would  not  ripew 
there  ? 

A.  Chiefly  hecause  their  vast  forests  } 
been  cut  down;  and  the  soil  is  better  draim 
and  adtivated. 

454. 

Q.  Whatbecomesof  the  wa/ef  of  ^ontfed 
summeMime  ? 

A.  Ponds  are  often  left  dry  in  summei^ 
lime,  because  their  water  is  evaporated  by  tM 


Q.  How  Is  Ihis  evaporation 
Mnied  on  ? 


produced  aniS 
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A.  The  heat  of  the  air  changes  the  suj 

face  of  the  water  into  vapor,  which  (blending 
with  the  air)  is  soon  wafted  away  ;  and  simi- 
lar evaporation  is  repeatedly  produced)  till 
the  pond  is  left  quite  dry. 

456, 

Q.  Why  are  the  wheels  of  some  machines 
kept  constantly  wet  with  water  ? 

A.  To  carry  off  (by  evaporation)  the  heat 
which  arises  from  the  rapid  motion  of  the 
wheels. 

457. 

Q.  Why  is  the  surface  of  the  ground 
hardened  by  the  sun  ? 

A.  Because  the  moisture  of  the  ground  ia 

exhaled  by  evaporation  ;  and,  as  the  earthy 

particles  are  brought  closer  together,  the 

mass  becomea  more  solid. 

4sa 

Q.  Show  the  wisdom  of  God  in  thia  ar- 
rangement. 

A.  If  the  soil  did  not  become  crusty  and 
hard  in  dry  weather,  the  heat  and  drought 
would  penetrate  the  soil,  and  kill  both  seeds 
and  roots. 

459. 

Q.  Why  does  bread  become  hard  after  it 
has  been  kept  a  few  days  ? 


EVATOIUTION. 
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A.  Because  the  vapor  and  gases  escape, 
leaving  the  solid  particles  dry  ;  so  that  they  J 
collapse  and  become  more  solid  and  hard. 

460. 

Q.  Why  are  glue,  gum,  start^  and  j 
adhesive  ? 

A.  Because  the  water  used  with  them  i 
pidly  evaporates,  and  leaves  them  solid ; 
they  insinuate  themselves  so  intimately 
into  the  pores  of  the  substances  with  which 
they  come  in  contact,  that  when  the  watei 
evaporates,  the  whole  is  one  solid  mass. 

Tbev  ?Q«etheir  ndhMTTcppM  when  dlawWfd  in  wnleri  nnd,  Iher 
ttuviaiWayibflAiLacfflJ  to  become  (fr^fbcfordlhay  will  hulUwiLh  leu 

461. 

Q.  Why  is  tea  cooled  faster  in  a  saucer 
than  in  a  cup  ? 

A.  Because  evaporation  is  increased  by  ijh 
ereaaing  the  surface  ;  and,  as  tea  in  a  saucei 
presents  a  larger  surface  to  the  air,  its  heat  it 
nwre  rapidly  carried  oCFby  evaporation. 


Q.  Why  is  not  the  vapor  of  the  sea  salt  ? 
A.  Because  the  salt  is  always  left  behind, 
iu  the  process  of  evaporation. 

463. 

Q.  What  ie  that  while  crust,  which  ap' 
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pears  (in  hot  weather)  upon  clothes  wetted 
by  sea  water  ? 

A,  The  sdt  of  the  water,  left  on  tho 
clothes  by  evaporation, 

464. 

Q.  Why  does  this  white  crust  always  dis- 
appear  in  wet  weather  ? 

A.  Because  the  moisture  of  the  air  dissolves 
the  sdt ;  in  consequence  of  which,  it  is  no 
longer  TJeible. 

465. 

Q.  Why  should  not  persons,  who  take 
violent  exercise,  wear  very  thick  clothing  ? 

A.  Because  it  prevents  the  perspiration 
from  evaporating.  When  the  heat  of  the 
body  is  increased  by  exercise,  perspiration 
reduces  the  heat  (by  evaporation)  to  a  hedthy 
standard;  aa  thick  clothing  prevents  this 
evaporation,  it  is  injurious  to  health. 

466. 

Q.  Why  will  not  Iticifer  matches  ignite 
if  they  are  damp  ? 

A,  1st. — Because  the  cold,  produced  by 
the  evaporation  of  the  water,  neutralizes  the 
heat  produced  by  the  friction  of  the  match 
across  the  bottom  of  the  lucifer  bos ;  and^ 

2nd. — Because  the  damp  prevents  the 
free  accession  of  oxygen  to  the  match,  with- 
•mt  which.it  cannot  bum. 
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467. 

i  Why  does  water  in  a  very  exposeift^ 
i  freeze  more  rapidly,  than  that  which 

[3  under  cover,  oi"  in  a  place  less  exposed  ? 
A.    Ist. — Because    evaporalio/i    goes    on 

more  rapidly  when  water  is  exposed ; 

carries  away  heat  from  the  general  masaij 

and, 

2nd. — Any  covering  will  radiate  hmt  into 

the  water  beiow,  and  prevent  the  moaa  from 

cooling  down  to  the  requisite  temperature 

to  cause  congelation. 


Q.  Why  does  paint  often,  blister  {rom  heat  71 
A.  Because  the  heat,  penetrating  througli 
pshit,  extracts  some  little  moisture  from  the 
vood,  and  turns  it  into  vapor  or  steam. 
this   vapor   requires   room,    it   throws 
blisters  in  the  paint  to  make  room  for 
^"^    ided  bulk. 


5  r7. — VapoTizniion. 
469. 

What  is  meant  by  vaporization  ? 
The  conversion  of  a  solid  or  liquid  intd  ■ 
;  fts  snow  or  water  is  converted  into 
r  by  the  heat  of  the  sun. 
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470. 

Q.  Explain  the  difference  between  evn- 
poration  and  vaporization  ? 

A,  Evaporation  is  effected  by  exposure 
to  the  air,  without  boiling ;  whilst  vapori- 
zation requires  the  air  of  sufficient  heat  In 
produce  ebullition. 

471. 

Q.  Why  does  hot  iron  make  a  hissing 
noise  when  plunged  into  water  ? 

A.  Because  the  hot  iron  converts  into 
steam,  the  particles  of  water  which  come  in 
immediate  contact  with  it ;  and,  as  the 
steam  flies  upwards,  it  passes  by  other  par- 
ticles of  water  not  yet  vaporized  ;  the  colli- 
sion produces  very  rapid  vibrations  in  the 
air,  and  a  kissing  noise  is  the  result. 

472. 

Q.  Why  does  tvater  make  a  hissing  noise 
when  it  is  poured  on  fire  ? 

A.  Because  the  part  which  comes  m  con- 
tact with  the  fire  is  immediately  converted 
into  steam  ;  and,  as  it  flies  upward,  meets 
other  particles  of  water  not  yet  va|X)rized  ; 
the  collision  produces  very  rapid  vibra- 
tions in  the  air,  and  a  liissing  noise  is  the 
result. 
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473. 

Q,  Why  is  water  converted  into  steam  by 
the  heat  of  the  ^c? 

A.  Because,  wheu  the  heat  of  the  fire  en- 
ters ihcwaieviit  separates  its  globules  intoYery 
minute  particles;  which  (being  lighter  than  air) 
(ly  off  from  the  surface  in  the  form  of  steam. 

474. 

Q.  Why  do  doors  swell  in  rain^  weather? 

A.  Because  the  air  is  filled  with  vapor, 
which  (penetrating  into  the  pores  of  the 
wood)  forces  its  particles  farther  apart,  and 
swells  the  door. 

475. 

Q,  Why  do  doors  shrink  in  dri/  weather  ? 

A.  Because  the  moisture  is  d)Sorhed  from 
the  wood ;  and,  as  the  particles  are  brought 
doser  together,  the  size  of  the  door  is  lessened 
— ia  other  words,  the  wood  shrinks. 

476. 

Q.  Why  is  the  air  filled  with  offensive 
mdls,  just  previous  to  a  coming  renn  ? 

A.  Because  the  volatile  parts  which  rise 
from  dunghills,  seivers,  etc.,  are  prevented 
(by  the  ua/ior  of  thea/r)fromn«7ig so  readily. 

El  the  sun  is  shining  brightly. 
477 
rhy  do    flowers   smell   sweeter  and 
,  just  previnns  to  rain? 


J 
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A.  Because  the  volatile  particles  whicL 
constitute  the  perfume  of  flowers,  are  pre- 
vented (by  the  vapor  of  the  air)  from  rising  ; 
in  consequence  of  which,  they  are  confined 
to  the  lower  regions  of  the  atmosphere. 

N  B.  Many  efsential  oils  and  other  volatile  Bubttances,  which  produce 
odors  in  plants,  require  the  presence  of  muck  moisture  for  their  perfeet 
developemeut. 

478. 

Q.  Why  do  horses  and  other  animals 
stretch  out  their  necks,  and  snuff  up  the  air, 
just  previous  to  a  fall  of  rain  ? 

A.  Because  they  smell  the  odor  of  plants 
and  hay,  and  delight  to  snuff  in  their  fra- 
grance. 

479. 

Q.  Why  does  sm^ke  fdl,  when  rem  is  at 
hand? 

A.  Because  the  air  is  less  dense,  and  can- 
not  buoy  up  the  smoke  so  readily  as  dry  and 
heavy  air, 

480. 

Q.  Why  does  a  downward  current  of  cM 
air  bring  rain  ? 

A .  Because  it  condenses  the  warm  vapor ; 
which  (being  condensed)  descends  in  rain. 

481 

Q.  Why  does  a  drop  of  water  sometimes 
<roll  along  a  piece  of  hot  iron,  without  leav- 
rezg  the  least  trace  ? 
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A.  Becauae  the  bottom  of  the  drop  is 
(urued  into  vapor,  which  buoys  the  drop  up, 
without  allowing  it  to  touch  the  iron. 

482. 

Q.  Why  does  it™//? 

A,  Becaose  the  current  of  air  (which  is 
Always  passing  over  a  heated  aurfiice)  drives 
t  (doi^. 

483 

Q.  Why  does  a  Immi.  ess  put  a  little  saliva 
on  a  flat-iron,  to  know  if  it  be  hot  enough  ? 

A,  Because  when  the  saliva  sticJzs  to  the 
iron,  and  is  evaporated,  she  knows  it  is  not 
sufficiently  hot ;  but,  when  it  runs  along  the 
iron,  it  ia. 

484. 

Q.  Why  is  the  flat-iron  hotter  if  the  saliva 
runs  along  it,  than  if  it  adheres  till  it  is 
cvaponited  ? 

A.  Becsiiuse  when  the  saliva  runs  along 
the  iron,  the  heat  is  sufficient  to  convert  the 
hott(m  of  the  drop  into  vapor ;  but,  if  the 
saliva  will  not  roll,  the  iron  is  not  suiHciently 
hot  to  convert  the  bottom  of  the  drop  into 
™por. 

§  V. — Liquefaclion. 
4S5. 
Q.  What  is  meant  by  liquefaction  ? 
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A.  The  state  of  being  melted ;  as  ice  is 
melted  by  the  heat  of  the  sun. 

486. 

Q.  Why  is  tee  melted  by  the  heat  of  the 
sun? 

A.  Because,  when  the  heat  of  the  sun 
enters  the  solid  ice,  it  forces  its  particles 
asunder  ;  till  their  attraction  of  cohesion  is 
sufficiently  overcome,  to  convert  the  solid  ice 
into  a  liquid. 

487. 

Q.  The  temperature  of  ice  is  32"* ;  if  you 
pour  just  enough  boiling  water  over  the  ice 
to  melt  it,  will  the  temperature  of  the  wa- 
ter be  increased  ? 

A.  No;  the  heat  of  the  water  is  con- 
sumed in  melting  the  ice  ;  but  pour  boiling 
water  on  ice-cold  water,  and  the  tempera- 
ture is  immediately  increased. 

488. 

Q.  Why  does  wax  become  soft  before  it 
turns  liquid  ? 

A.  Because  it  absorbs  heat  sufficient  to 
loosen  the  contact  of  its  particles,  before  it 
has  absorbed  sufficient  to  liquefy  the  mass. 

489. 

Q.  Wliy  are  metals  melted  by  th(E^  heat  of 

fire? 


A,  Because,  when  the  heat  of  the  I 
enters  the  solid  metal,  it  forces  its  partio 
asunder  ;  till  their  attraction  of  cohesion  j 
Bufficiently  overcome,  to  convert  the  soj 
metal  into  a  liquid. 

490. 

Q.  Why  does  not  wood  melt  like  metal  ? 

A.  Because  the  heat  of  the  fire  decom- 
poses the  wood  into  gas,  smoke,  and  i^hes  ; 
and  the  diflerent  parts  separate  fi-om  each 
other. 

491. 

Q.  Why  does  sdt  crackle  when  throw 
iiito  the  fire? 

A.  Salt  contains  water  ;  and  the  cracUiTii 
of  the  salt  is  owing  to  the  sudden  conversiA 
itf  this  water  into  steam. 


SECTION  IV. KADIATIOS. 

492. 

Q.  What  is  meant  by  radiation? 

A.  "Radiatioa  meaas  the  emission  of  rat/^ 
thus  the  sun  radiates  both  light  and  I 
that  is,  it  emits  rays  of  light  and  heat  in  all 
directions. 

493. 

Q.  When  is  heat  radiated  from  one  body 
to  onother? 

12- 


h33 


CHEMICAL   ACTION. 


A.  When  the  two  bodies  are  separated  by 
'  a  non-conducting  medium ;  thus  the  sun  ra- 
diates lieat  towards  the  earth,  because  the  air 
(which  is  a  very  bad  conductor)  cmnes  be- 
tween. 

494. 

Q.  On  what  does  radiation  depend  ? 

A.  On  the  rougJmess  of  the  radiating  sur- 
L  face;  thus,  if  metal  be  scratched,  its  radiating 
V  power  is  increafied ;  because  the  heat  has 
I  more  points  to  escape  from. 

495. 

Q.  Does  a  fire  radiate  heat  ? 
A.  Yes ;  and  because  burning  fuel  emits 
I  rays  of  heat,  therefore,  we  feel  warm  when 
we  stand  before  a  fire. 


Q.  Why  does  our  face  feel  uncomfortably 
L  hot  when  we  approach  afire  ? 

A.  Because  the  fire  radiates  heat  upon 
I  Uie  fitce ;  which  (not  being  covered)  feels 
I  the  eflfect  immediately. 

497. 

Q.  Why  does  the  fire  heat  the  face  more 
I  than  it  does  the  rest  of  the  body  1 

A.  Because  the  rest  of  the  body  is  coverea 
[with   clothing;    which  (being  a  bad  con- 


factor  of  heat)  prevents  the  same  sudden 
and  rapid  transmission  of  heat  to  the  skin. 

49B. 

Q.  Do  those  suhstancea  which  radiate  hei 
lAsorh  heat  also  ? 

A.  Yes.     Those  substances  which  rfirf/trf^ 
most,  also  absorb  most  heat ;  and  those  whicj 
radiate  least,  also  (^sorh  the  least  heat. 

493. 

Q.  Does  anything  else  radiate  heat  hesidt 
the  sun  and  fire  1 

A.  Yes;  di  things  rodiate  heat  i 
measure,  but  not  equally  well. 

500. 

Q.  W?iat  things  radiate  heat  the  next  b 
to  the  sun  and  fire  ? 

A.  All  dull  and  dark  substances  are  good 
radiators  of  heat ;  but  all  light  and  polished 
substances  are  bad  radiators. 

501. 

Q.  What  is  meant  by  being  a  "bad  radii^ 
tor  of  heat?" 

A.  To  radiate  heat  is  to  throw  off  heat  by 
rays,  fts  the  sun ;  a  polished  tin  pan  does 
lai  throw  off  the  heat  of  boiling  water  fi-om  itf^ 
rar&ce,  but  keeps  it  in. 


no 
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Q.  Why  is  a  tin  pan  (filled  with  hot  water) 
employed  aa  a  foot-warmer  ? 

A.  Because  pdished  tin  (being  a  bad  ra- 
diator of  heat)  keeps  hot  a  very  long  time  ; 
I  and  warms  the  feet  resting  upon  it. 

503. 

Q.  Wiiy  would  the  tin  foot-warmer  get 
I  edd  sooner,  if  the  polish  were  injured  ? 

A.  Because  po?(sAerf  tin  throws  off  its  heat 
I  very  slowly  ;  but  duU,  scratched,  painted,  or 
T  dirty  tin,  throws  off  its  heat  very  quickly. 

504. 

Q.  Why  does  snow  (at  the  foot  of  a  hedge 
or  wall)  melt  sooner  than  that  in  an  open 
field? 

A.  Because  the  hedge  or  wall  radiaies 
I  heat  into  the  snow  beneath,  which  melts  it. 

505 

Q.  How  is  hot  iron  cooled  by  radiation  ? 

A.  While  its  heat  is  being  carried  oflfby 
I  "convection,"  the  hot  iron  throws  off  heat 
I  (on  all  sides)  by  radiation  also. 

506. 

Q.  Why  should  the  Jlites  (connected  with 
^  stoves,  etc.,)  be  always  blackened  with  black 
lead  7 

A    In  order  that  the  heat  of  the  flue  moy 


be  more  readily  diffused  throxighout  the 
room.  Black  lead  radiates  heat  more  freely 
thau  any  other  known  substnnce. 


Q.  Why  does  a  polished  metd  lea-pot  Tiifibi 
better  tea  than  a  black  earthen  one  ? 

A,  Because  polished  metal  (being  a  verj^ 
bad  radiator  of  heat)  keeps  the  water  hot  much 
longer;  and  the  hotter  the  water  is,  the 
better  it  "draws"  the  tea. 
50a 

Q.  Why  will  not  a  didl  black  tea-pot  makfl^ 
good  tea? 

A,  Because  the  heat  of  the  water  ^ifi!  q^ 
so  quickly  through  the  dull  black  surface  of 
the  tea-pot,  that  the  ^vater  is  very  rapidlgji 
cooled,  and  cannot  "draw"  the  tea. 

509. 

Q.  Do  not  the  poorer  classes  geaeralljS 

tirefer  the  little  black  earthen  tea-pot  to  thw 
iright  meld  one  ? 

A.  Yea  ;  because  they  set  tl  mar  the  fire 
"to  draw  ;"  in  which  case,  the  little  black 
tea-pot  will  make  the  best  tea. 

510. 

Q.  Why  will  a  black  lea-pot  make  better 


142  CHEMICAL   ACTION. 

tea  than  a  bright  metal  one,  if  it  be  set  near 
the  fire  to  draw  ? 

A.  Because  the  black  tea-pot  will  ci)sori 
heat  plentifully  from  the  fire,  and  keep  the 
water  hot ;  whereas  a  bright  metal  tea-pot 
(set  near  the  fire)  would  throw  off  the  heat 
by  reflection, 

511. 

Q.  Then  sometimes  a  black  earthen  tea- 
pot is  the  best,  and  sometimes  a  bright 
metal  one  ? 

A.  Yes ;  when  a  tea-pot  is  set  on  the 
sttove  "  to  draWy^  black  earth  is  the  hest^  be- 
cause it  absorbs  heat ;  but,  when  a  tea-pot  is 
not  set  on  the  stove,  bright  metal  is  the  best ; 
because  it  radiates  heat  very  slowly^  and, 
therefore,  keeps  the  water  hot. 

512. 

Q.  Would  a  metal  pot  serve  to  keep  wa- 
ter hot  if  it  were  dvll  and  dirty  ? 

A.  No.  It  is  the  bright  perish  of  the 
metal  which  makes  it  a  bad  radiator ;  if  it 
were  dult^  scratched^  or  dirty ^  the  heat  would 
escape  very  rapidly. 

Watei"  in  hot  weather  is  also  kept  eooUr  in  bright  metal  than  in  duU  at 
earthen  vessels. 

5ia 

Q.  Why  are  dinner-covers  made  of  bright 
tin  or  nlver  ? 
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A.  Because  light-colored  and  highly- 
polished  metal  is  a  very  had  radiator  of  heat ; 
and,  therefore,  bright  tin  or  silver  will  not 
allow  the  heat  of  the  cooked  food  to  escapt 
through  the  cover  by  radiation. 

514. 

Q.  Why  should  a  meat-cover  be  very 
brightly  polished  ? 

A.  To  prevent  the  heat  of  the  food  from 
escaping  from  radiation.  If  a  meat-cover 
be  dtdl  or  scratched,  it  will  dsorb  heat  from 
the  food  beneath  ;  and,  (instead  of  keeping  it 
hot)  make  it  cold. 

•  515. 

Q.  Why  should  a  silver  meat-cover  be  plain 
and  not  chased  ? 

A.  Because  a  chased  meat-cover  would 
absorb  heat  from  the  food ;  and  (instead  of 
keeping  it  hot)  m^ke  it  cold. 

516. 

Q.  Why  is  meat  very  subject  to  taint  on 
a  moonlight  night  ? 

A.  Because  it  radiates  heat  very  freely  in 
a  bright  moonlight  night ;  in  consequence 
of  which,  it  is  soon  covered  with  dew^ 
which  produces  rapid  decomposition. 

517 

Q.  How  do  moonlight  nights  conduce  to  the 
rapid  growth  of  plants. 
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A.  Rndiation  is  carried  on  veiy  rapidly 
on  bright  moonlight  nights;  in  consequence 
of  which,  dew  is  very  plontiftiUy  deposited 
on  yoiuig  plants,  which  conduces  much  to 
their  growth  and  vigor. 

518. 

Q.  Why  is  the  air  (resting  on  the  surface 
of  the  earth)  colder  than  that  in  the  higher 
regions  ? 

A.  Because  the  eurth  radiates  more  heat 
than  the  leaves  of  lofty  trees ;  and,  there- 
fore, more  rapidly  condenses  and  freezes  the 
vapor  of  the  air. 

S19. 

Q.  Why  are  shruhs  more  liable  to  be 
frost-bitten  than  trees. 

A.  Because  they  do  not  rise  far  above 
the  surface  of  the  earth ;  and  (as  the  air 
contiguous  to  the  earth  is  made  colder  by  ra^ 
diation  than  that  in  the  higher  regions,) 
therefore,  the  low  shrub  is  often  frost-bitten, 
when  the  lofty  tree  is  uninjured. 


SECTION   V. — ^HE FLECTION, 
520. 

Q.  What  is  meant  by  reflecting  heat  ? 
A.  To  reflect  heat  is  to  throw  it  back  in 


^ 
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rays  from  tlie  surface  of  the  reflecting  body 
towards  the  place  whence  it  came. 

521 

Q.  What  are  the  best  reflectors  of  heat  ? 
A.  All  bright  surfaces  and  HgM  colors. 

522. 

Q.  Are  good  absorbers  of  heat  good  refer- 
tors  also  ? 

A.  No;  those  things  Tvhich  absorb  heat 
best,  reflect  heat  worst ;  and  those  which  re- 
flift  heat  worst,  absorb  it  best. 

523. 

Q.  Why  are  those  things  which  absorb 
heat  unable  to  reflect  it  T 

A.  Because  if  anything  sucks  in  heat  like 
s  sponge,  it  cannot  throw  it  off  from  its  sui-- 
fiwe ;  and  if  anything  throws  off  heat  from 
ite  surface,  it  cannot  drink  it  in. 

524. 

Q.  Vi\iy  are  reflectors  always  made  of 
light  colored  and  highly  polislied  metal  ? 

A.  Because  light  colored  and  highly  po- 
lished meld  makes  the  best  of  all  reflectors. 

525. 

Q.  Why  do  not  plate-warmers  blister  and 
■  ;orcl]  the  wood  behind  1 

A.  Because  the  bright  tin  front  throwa 
Die  heat  of  the  fii"e  back  again,  and  will  not 
alluw  it  to  penetrate  to  the  wood  behind. 
13 
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526. 

Q.  If  metal  be  such  an  excellent  conduc- 
tor of  heat,  how  can  it  reflect  heat,  or  throw 
itoflf? 

A.  Polished  metal  is  a  conductor  of  heatj 
only  when  that  heat  is  communicated  by 
actual  contact :  but  whenever  heat  falls  upon 
bright  metal  in  rays,  it  is  reflected  back  again, 
and  the  metal  remains  cool. 

527. 

Q.  What  is  meant  "  by  heat  falling  upon 
metal  in  raySy^  and  not  "  by  contact  ?'* 

A.  If  a  piece  of  metal  were  thrust  into 
a  fire,  it  would  be  in  actual  contact  with  the 
fire  ;  but  if  it  were  held  before  a  fire,  the 
heat  of  the  fire  would  fall  upon  it  in  rays. 

528. 

Q.  Why  is  a  plate-warmer  made  of  un^ 
painted  bright  tin  ? 

A.  Because  bright  tin  reflects  the  heat 
(which  issues  from  the  fire  in  rays)  upon 
the  meat ;  and,  therefore,  greatly  assists  the 
process  of  roasting. 

Reflects  the  heat,  that  is,  throws  it  back  upon  the  meat. 

529. 

Q.  What  is  the  use  of  the  tin  screen  or 
reflector  used  in  roasting  ? 

A.  It  throws  the  heat  of  the  fire  back  upon 
the  meat ;  and,  therefore,  both  assists  the 


process  of  roasting,  and  helps  to  heap 
kiichm  cod. 

530. 

Q.  How  does  a  tin  reflector  tend  to  keepj 
the  kitchen  cool? 

A.  By  confining  the  heat  of  the  fire  la 
the  hearth,  and  preventing  its  dispersion 
througUout  the  kitchen. 

631. 

Q.  Why  would  not  the  tin  reflector  do  a 
well,  if  it  were  painted  ? 

A.  Because  it  would  then  (d>sorb  heat,  and 
■act  rejkct  it  at  all.  A  plate- warmer  should 
never  be  painted,  but  should  be  kept  i 
dean,  bright,  and  free  from  all  scratches. 

532. 

Q.  Why  should  a  reflector  be  kept  so  ver] 
cUan  and  free  from  all  scratches  ? 

A.  Because  if  a  reflector  were  spotted 
dvU,  or  scratched,  it  would  absorb  heat, 
stead  of  reflecting  it;  and,  consequently, 
would  be  of  no  use  whatsoever  as  a  re- 
flector. 

Q.  Why  will  not  a  polished  tin  pan,  bakej 
Iiread  as  well  as  on  iron  one  ? 

A.  Because  the  bright  metal  reflects  the 
lieat;   and,   therefore,  will  not  hrovm  the 
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«ru8t  which  surrounds  the  bottom  and  sides 
of  the  pan ;  conserjuently,  the  top  of  the 
bread  woidd  l)e  burnt  before  the  bottom  and 
sides  of  the  loaf  were  brown. 

534. 

Q.  Why  will  a  kettle  be  slower  boiling  if 
tlse  bottom  and  sides  are  dean  and  bright  ? 

A.  Because  bright  metal  does  not  absorb 
heat,  but  rejieds  it;  and  (as  the  heat  is 
thrown  off  from  the  surface  of  bright  metal 
by  reflection)  therefore,  a  new  kettle  takea 
a  longer  time  to  boil. 


Q.  Why  do  persona  wear  white  dresses  in 
simmer  time  ? 

A,  Because  white  throws  off  the  heat  of 
the  sun  by  reflection,  and  is  a  very  bad  ab- 
sorbent of  heat;  iu  consequence  of  which, 
white  dresses  never  become  so  hot  from  the 
scorching  sun  as  dark  colors  do. 

536. 

Q.  Why  do  not  persons  wear  white  dresses 
in  winter  time  ? 

A.  Because  white  will  not  cAsorb  heat,  like 
black  and  other  dark  colors ;  and,  there- 
fore, white  dresses  are  nx>t  so  warm  as  dark 


u 


.  Why  are  shoes  hitler  for  being  djistt/  f 
•  aA.  BecaasG  doll,  dusty  shoes  will  dtsorb 
heut  from  the  sun,  earth,  and  au* ;  but  shoes 
brightly  polished  throw  off  the  heat  of  the 
Bon  by  reflection.  ^ 


SECTION  VI, — ABS0KPTI0.1, 
538. 

Q.  What  is  the  difference  between  carp 
Jucfing  heat,  and  absorbing  heat  T 

A,  To  conduct  heat  is  to  transmit  it  from 
one  body  to  another  through  a  cnnducting 
medium.  To  ^sorb  heat  is  to  suck  it  up,  as  j 
a  sponge  sucks  up  water. 

539. 

Q.  Give  me  an  example  ? 

A.  Black  doth  d)sorhs,  but  does  not  con- 
duct heat  ;  thus,  if  blar:)i  cloth  'h>i  kid  in  the 
SOU,  it  will  ahsorh  the  raijs  very  rapidly  j  but 
if  me  end  of  the  black  cloth  be  made  hot,  it 
would  not  conduct  the  heat  to  the  other  end, 

540 

Q.  Are  good  conductors  of  heat  good  c 
utrbers  also  ? 

A.  No ;  Every  good  conductor  of  heat  ii 
&at/  lAsorher  of  it ;  and  no  good  absorber  i 
t  can  be  a  good  conductor  also. 
13" 
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541. 

Q.  Th  iron  a  good  aljsorher  of  heat  ? 
A.  No ;   iron  is    a  good  conductor,  but  a 
very  bad  absorber  of  heat. 

542. 

Q.  Why  do  the  fire-iron^  (which  lie  upon 
a  fender)  remain  cold,  although  they  are  be- 
fore a  good  fire  ? 

A.  Because  they  are  Jorf  ofisoriers  of  heat ; 
in  consequence  of  which,  they  remain  cold, 
unless  they  come  in  contact  with  the  stove 
or  fire. 

543. 

Q.  If  a  piece  of  brown  paper  be  submitted 
to  the  action  of  a  burning  glass,  it  will  catch 
fire  much  sooner  than  a  piece  of  white  paper 
would ;  explain  the  reason  ? 

A,  Because  white  paper  refiects  the  rays 
of  the  sun,  or  throws  them  back  ;  in  conae- 
querce  of  which,  it  appears  more  luminou3, 
])ut  is  not  so  much  heated  as  dark  brown 
paper,  which  absorbs  the  rays,  and  readily 
becomes  heated  to  ignition. 

544. 

Q.  Why  is  the  temperature  of  islands  more 
equable  than  that  of  continents  ? 

A.  Because  the  water  around  the  island 
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absorbs  the  extreme  heat  of  summer  j  and 
g7wes  out  heat  to  mitigate  the  extreme  cold 
of  winter. 

545. 

Q.  Islands  are  toarmer  in  winter  than  cou- 
tinents.     Explain  the  reason  of  this  ? 

A.  Unless  the  sea  be  frozen  (which  is 
i*arely  the  case)  it  is  warmer  than  the  frozen 
land  ;  and  the  warmth  of  the  sea-air  helpa 
to  mitigate  the  intense  cold  of  the  land-air. 

546. 

Q.  How  does  the  ceaseless  change  of  air 
tend  to  decrease  the  warmth  of  a  iiakcJ 
body? 

A.  Thiis; — the  air  (which  cases  the 
body)  absorbs  as  much  heat  from  it  as  it 
can,  while  it  remains  in  contact;  being  then 
blown  away,  it  makes  room  for  a  fresh  coat 
of  air,  wliich  absorbs  more  heat. 


Q.  Does  the  air  which  encases  a  naked 
body,  become  (by  contact)  as  warm  as  the 
body  itself? 

\.  It  would  do  so,  if  it  remained  motiim- 
less ;  but,  as  it  remains  only  a  very  short 
lime,  it  absorbs  as  much  heat  as  it  can 
^e  time,  and  passes  on. 


tore  I 
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548. 

Q.  Why  does  fanning  the  face  in  summeT 
make  it  cool  ? 

A.  Because  the  fan  puts  the  air  in  motiony 
and  makes  it  pass  more  rapidly  over  tlie  face; 
and  (as  the  temperature  of  the  air  is  dways 
lower  than  that  of  the  human  face)  each  puff 
of  air  carries  off  some  portion  of  its  heat. 

549. 

"^Q.  Why  do  ladies  fan  themselves  in  hot 
weather? 

A.  That  fresh  particles  of  air  may  be 
brought  in  contact  with  their  faces  by  the 
action  of  the  fan ;  and  as  every  fresh  parti- 
cle of  air  absorbs  some  heat  from  the  skin, 
this  constant  change  makes  therii  cool. 

550. 

Q.  Does  a  fan  cool  the  air  ? 

A.  No ;  it  makes  the  air  hotter  by  im- 
parting to  it  the  heat  out  of  our  face  ;  but 
it  cools  our  face  by  transferring  its  heat  to 
the  air. 

551. 

Q.  Does  fanning  make  the  air  itself  cooler? 

A.  No ;  fanning  makes  the  air  hotter  and 
hotter. 

552. 

Q.  How  does  fanning  the  face  increase 
the  heat  of  the  air  t 
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A.  By  da'iving  the  air  more  rapidly  over 
the  human  body,  and  causing  it,  consequent- 
ly, to  disorh  mare  heat.  ~ 

553. 

Q.  K  famiing  makes  the  air  hotter,  wh J 
can  it  make  a  person  feel  cooler? 

A.  Because  it  takes  the  heat  out  of  thi 
face,  and  gives  it  to  the  air. 

554. 

Q.  Why  is  broik  cooled  by  blowing  it  1 
A.  Because  the  breath  causes  a  raj 
chatige  of  air  to  pass  over  the  broth ;  and 
(oB  the  air  is  colder  than  the  broth)  it  con- 
tinually absorbs  keat  from  it,  and  makes  it 
cooler  and  cooler. 


Q.  Would  not  the  air  absorb  heat  froq 
the  broth  just  as  well  without  blowing 

A.  No;  air  is  a  very  bad  conductor ;  unless 
therefore,  the  change  be  rapid,  the  air  nearer' 
the  surface  of  the  broth  vjould  soon  become  i 
hot  as  the  broth  itself. 

556. 

Q.  Would  not  hot  air  part  with  its  beat 
instantly  to  the  circumjacent  air  ? 

A.  No ;  not  instantly.  Air  is  so  bad  a 
conductor,  that  it  parts  with  its  heat  very 
slmoly  ;  unless,  therefore,  the  air  be  kept  in 
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continual  motion^  it  would  cool  the  broth  very 
slowly  indeed. 

557. 

Q.  Why  does  t^W  generally  feel  cool? 

A.  Because  it  drives  the  air  more  rapidly 
over  our  body ;  and  this  rapid  change  of  air 
draws  off  a  large  quantity  of  heat. 

558. 

Q.  Why  does  air  absorb  heat  more  quickly 
by  being  set  in  motion  ? 

A.  Because  every  fresh  gust  of  air  absorbs 
a  fresh  portion  of  heat ;  and  the  more  rapid 
the  succession  of  gusts,  the  greater  will  be 
the  quantity  of  heat  absorbed. 

559. 

Q.  If  the  air^  were  hotter  than  our  body, 
would  the  wind  feel  cool  ? 

A.  No;  the  air  would  feel  insuferably 
hot  J  if  it  were  hotter  than  our  body. 

560. 

Q.  Why  would  the  air  feel  intensely  hotf 
if  it  were  warmer  than  our  body  ? 

A.  Because  it  would  add  to  the  heat  of 
our  body,  instead  of  diminishing  it. 

561. 

Q.  Is  the  air  ever  as  hot  qb  the  humoD 

body? 
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A.  In  some  cUmates  it  is,  and  when  that 
is  the  case,  the  heat  is  almost  insupportable. 

563 

Q.  ^Vliy  does  a  kettle  boil  faster,  when 
tlie  l>ottora  and  sides  are  covered  with  soot  ? 

A.  Because  the  black  soot  absorbs  heat  very 
quickly  from  the  fire,  and  the  metal  conducts 
it  to  the  water. 

553. 

Q.  Why  will  not  a  neio  kettle  boil  so  fast  aa 
an  old  one  ? 

A.  Because  the  bottom  and  sides  of  a  new 
kettle  are  clean  and  bright ;  but  in  an  old 
kettle  they  are  covered  with  soot,  or  black- 
ened by  the  fire. 

Q.  Why  do  we  wear  white  linen  and  a 
black  outer  dress,  if  we  want  to  be  warm  ? 

A,  Because  the  black  outer  dress  quickly 
tibsiyrbs  heat  from  the  sun ;  and,  the  white 
Uaen  (being  a  bad  absorbent)  abstracts  no 
heat  from  the  warm  body 


Q.  What  colors  are  warmest  for  dresses  ? 

A.  For  outside  garments  black  is  tlie 
warmest,  and  then  such  colors  as  approach 
nearest  to  black,  (aa  dark  blue  and  green  " 
IVhile  is  the  mldest  color  for  external  cloth  ini 


J 
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i 

^^^B      Q.  Why   are   dark   colors   (for   external 
^^^B  wear)  so  much  warmer  than  light  ones  ? 
^^^B      A.  Because  dark  colors  d>sorb  keat.froin 
^^^Bthe  sun  more  abundantly  than  light  ones. 

^^^B  Q.  How  can  you  prove  that  dark  colon? 
^^^B  are  warmer  than  light  ones  ? 
^^^B  A.  If  a  piece  of  hlack  and  a  piece  of 
^^^B  white  cloth  were  laid  upon  snow,  in  a,  few 
^^H^  hours  the  black  cloth  will  have  melted  the.  snow 
'  beneath  ;  whereas,  the  while  cloth  will  have 

produced  little  or  no  effect  upon  it  at  all. 

ud  B,  whiu  (ooldesi  of  nil.) 

568. 

Q.  Why  are  black  kid  gloves  unpleasantly 
hot  for  summer  wear  ? 

tA.  Ist. — Because  black  absorbs  the  solar 
heat;  and 
2nd. — Kid  will  not  allow  the  heat  of  our 
hand  to  escape  readily  through  the  glove. 
569. 
Q.  Why  are  Lisle  thread  gloves  agreeably 
coo?  for  Bummer  wear  ? 
A.  1st. — Because  threa.d  absorbs  perspira- 
tion: and 


ABSORPTION 

2nii, — It  conducts  away  the  heat  of  oiu 
hot  hands. 

570. 

Q.  Are  Lisle  thread  glovea  absorbents  ofl 
boat? 

A.  No;  Liflle  thread  gloves  are  generallji 
i>r  a  grey  or  lilac  color ;  and,  therefore,  d^ 
not  absorb  solar  heat. 

571. 

Q.  Why  does  hoar  frost  remain  on  tomhi 
sIojwjs  long  after  it  has  melted  from  1' 
grass  and  gravel-walks  of  a  church-yard  ? 

A.  Because  tomb-stones  (being  white) 
will  not  absorb  heat,  like  the  darker  grass 
and  gravel ;  in  coneequence  of  which,  t" 
remain  too  cold  to  thaw  the  frost  congealei 
upon  their  surface. 

572. 

Q.  If  black  absorbs  heat,  why  have  i 
groes  black  skins,  and  not  while  skins,  whiol 
would  not  absorb  heat  at  all  ? 

A.  Becaase  black  will  not  blister  from  the 
heat  of  the  eim.  Although,  therefore,  the 
black  skin  of  the  negro  absorbs  heat  more 
plentifully  than  the  white  skin  of  a  Euro- 
pean ;  yet  the  blackness  prevents  the  sun 
from  blistering  or  scorching  it. 

573. 

Q    How  is  it  known  that  the  black  coloi 
14 
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prevents  the  sun  from  either  blistering  or 
scorching  the  skin  ? 

A.  If  you  put  a  white  glove  on  one  handy 
and  a  hlack  glove  on  the  other  (when  the  sun 
is  burning  hot,)  the  hand  with  the  white 
glove  will  be  scorched,  but  not  the  other. 

574. 

Q.    WTiich  hand  will  feel  the  hotter  ? 

A.  The  hand  with  the  black  glove  will 
feel  the  hotter,  but  will  not  be  scorched  by 
the  sun  ;  whereas,  the  hand  with  the  fvhite 
glove  (though  much  cooler)  will  be  severely 
scorched. 

575. 

Q.  Why  does  the  black  skin  of  a  n^ru 
never  scorch  or  blister  with  the  hot  sun  ? 

A.  Because  the  black  color  absorbs  the  heat 
— conveys  it  below  the  surface  of  the  skin — 
and  converts  it  to  sensible  heat  and  perspira- 
tion. 

576. 

Q.  Why  does  the  white  European  skin 
blister  and  scorch  when  exposed  to  the  hot 
sun? 

A.  Because  white  will  not  absorb  heat;  and, 
therefore,  the  hot  sun  rests  on  the  surface  of 

^he  skin,  and  scorches  it. 

577. 

Q.  Why  has  a  negro  black  eyes  ? 


ABSUHFriOS.  159 

A.  Because  the  black  color  defends  them 
from  the  strong  light  of  the  tropical  sun. 
ir  a  negro's  eyes  were  not  black,  the  sua 
would  scorch  them. 

578. 

Q.  Why  is  waler  (in  hot  weather)  Icpt 
txmler  in  a  bright  tin  pot  than  in  an  eartfum 
one? 

A.  Because  bright  metal  will  not  absorb 
heat  from  the  hot  air,  like  an  earthen  vessel ; 
in  consequeuce  of  which,  the  water  is  kept 
cooler. 

Bolting  walu  if  nlio  kept  hm  In  btighl  meUI  beltir  than  m  eunho:! 
579. 

Q.  Why  does  a  saucepan,  which  has  been 
ttsed,  boil  in  a  shorter  time  than  a  new  one  ? 

A.  Because  the  bottom  and  sides  are 
covered  with  soot ;  and  black  soot  rapidly  ab~ 
sorbs  the  heat  of  the  glowing  coals. 

580. 

Q.  Why  should  the  lid  of  a  saucepan  be 
clean  and  bright  ? 

Because  it  cannot  d}sorb  heat,  as  il 
B  not  come  in  contact  with  the  fire;  and 
J  bright)  it  will  not  auffer  the  heat  to 
!  by  radiation. 

581. 

Q.  In  what  state  should  a  saucepan  be,  in 
Oid«r  that  it  may  boil  qmcUy  ? 
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A.  All  those  pai'ta  which  c(yme  tn  contact 
with  the  fire,  should  be  covered  with  soot,  or 
be  black,  in  order  to  absorb  heat;  but  all 
the  rest  of  the  saucepan  should  be  as  bright 
as  possible,  to  prevent  the  escape  of  heat  hy 
radiation. 

562. 

Q.  Why  should  not  the  bottom  and  sides 
of  a  kettle  be  cleaned  and  polished  ? 

A.  Because  they  come  in  contact  with  thr 
fire,  and  (while  they  are  covered  with  black 
Boot)  absorb  heat  freely  from  the  burning 


Q.  Why  should  the  top  of  a  kettle  be 
clem  and  well  polished  1 

A.  Because  poliahed  metal  will  not  ra- 
diate heat ;  and,  thereibre,  (whUe  the  top  of 
tlie  kettle  is  well  polished)  the  heat  is  kept  in, 
and  not  suffered  to  escape  by  radiation. 

584. 

Q.  Show  the  benefit  of  smoke  in  cooking  ? 

A.  The  carbon  of  the  fuel  (which  flies 
off  in  smoke)  naturally  blackens  all  culinary 
vessels  set  upon  the  fire  to  boil,  and  thus 
renders  them  fit  for  use. 


rEKcussiON.  16! 

S85. 

Ilow  does  smoke  make  calinary  vesseZi^ 
r  for  use  ? 

A.  By  absorbing  heat.  If  it  were  not 
(ijf  the  smoke  (which  gathers  round  a  kettle 
or  saucepan)  heal  would  not  be  absorbed,  oiu^ 
tlie  process  of  boiling  would  be  greatly  i 
tarded. 

586. 

Q.  'Why  is  boiling  water  kept  hot  i 
bright  metal  pot  better  than  in  an  earthy 
vessel  ? 

A.  Because  bright  metal  (being  a  bad  rm 
di(Uor)  will  not  throw  off  from  its  surface  t" 
heat  of  the  boiling  water. 


CHAP.  IV.— MECHANICAL  ACTION. 

BBCTIOK  I, — PEKCCSSIO.N. 
5B7. 

;  How  is  heat  produced  by  mechanica 

I? 

.  1. — ^By  Percussion.    2. — By  Friction, 

B. — ^By  Condensation,  or  Compreesioa.  . 

r  588. 

\  What  is  meant  by  perais.iion  ? 

The  act  of  striking  ;  as  when  a  blacH 

strikes  a  piece  of  iron  on  lus  aim 

it  bis  hammer. 

14" 
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Q.  Why  does  striking  iron  make  it  red  hot? 
A,  Because  it  condenses  the  particles  of  the 
metal,  and  makea  the  latent  heat  sensible. 

590. 

Q.  Does  cold  iron  contain  heat  ? 
A.  Yes ;    everything  contains  heat ;  but, 
when  a  thing  feela  cold,  its  heat  is  latent. 

S91. 

Q.  What  18  meant  by  latent  heat  ? 

A.  Heat  not  perceptible  to  mir  feelings. 
When  anything  contains  heat  without  feel- 
ing the  hotter  for  it,  that  heat  is  called  "la- 
tent heat" 

592. 

Q.  Does  cdd  iron  contain  latent  he<^? 

A,  Yes ;  and  when  a  blacksmith  com- 
presses the  particles  of  iron  by  his  hammer, 
he  brings  out  latent  heat ;  and  this  makes 
the  iron  red  hot. 

593. 

Q.  How  used  blacksmiths  to  light  their 
matches  before  the  general  uee  of  lucifers  ? 

A.  They  used  to  place  a  soft  iron  nail 
upon  their  anvil ;  strike  it  two  or  three 
times  with  a  hammer ;  and  the  point 
came  sufficiently  hot  to  light  a  brimstone  match 


•I 


he.      ] 


r  How  can  a  rmil  (beaten  by  a  hammeri 

t  a  brimstone  malch  ? 
A.  The  particles  of  the  naLl  being  con 
pressed  by  the  hammer,  can  no  longer  coipl 
trtin  so  much  heat  in  a  latent  state,  as  they" 
did  bef(/re  j  some  of  it,  therefore,  becomes 
sens^le,  and  increases  the  temperature  of 
the  itxjn. 

595. 

Q.  Why  does  striking  a  flint  against  i 
piece  of  steel  produce  a  spark  ? 

A.  Because  it  compresses  those  parts  of 
the  flint  and  steel  which  strike  together.  In 
consequence  of  which,  some  of  their  latent 
heat  is  disturbed,  and  exhibits  itself  in  a 
spark. 

596. 

Q.  How  does  this  development  of  } 
produce  a  spark  and  set  tinder  on  fire  ? 

A.  A  very  small  fragment  (either  of  th* 
stee!  or  flint)  is  knocked  off  red  hot,  and  Beta 
fire  to  the  tinder  on  which  it  falls. 

S97. 

Q.  Why  is  it  needful  to  keep  blowivg  Uio 
tinder  with  the  breath  ? 

A.  In  order  that  the  increased  supply  c 
ait'inay  furnish  the  tinder  with  more  orygei 
toaeaat  combustion. 


164  MECH.UJICAL   ACTION. 

598. 

Q.  Where  does  the  oxj/gen  if  the  air  arnif. 
from,  wlii(;h  is  blown  to  the  lighted  tinder? 

A.'  From  the  air  itself,  which  is  composed 
of  two  gases  (nitrogen  and  oxygen)  mixed  to- 
gether. 


599. 

Q.  What  is  the  vse  of  oxygen  gas  to  lights 
ed  tinder  1 

A.  It  supports  the  combustion  of  the  tinder. 
Blowing  lighted  tinder  carries  oxygen  to  it 
and  quickens  it,  in  the  same  way  as  a  pair 
of  bellows  quickens  a  dull  fire. 

600. 

Q.  Why  do  horses  sometimes  strike  fire 
with  their  feet? 

A.  Because  when  their  iron  ehoes  strike 
against  the  flint  stones  of  the  road,  vert/ 
small  fragments  (either  of  the  shoe  or  stones) 
are  knocked  off  red  hot,  and  look  like  sparks. 

€01. 

Q.  What  makes  these  fragments  red  hot  ? 

A.  The  parcuaslon  condenses  the  part 
struck ;  in  consequence  of  which,  some  of 
its  latent  heat  is  rendered  sensible,  and  ex- 
liibits  itself  in  these  red  hot  fragments. 


,  What  is  ]ueaiit  by  friction  ? 
A.  The  act  of  rubbing  two  thtTigs  together  ; 
B£  the  Indians  rub  two  pieces  of  wood  to- 
gether to  produce  fire. 

603 

Q.  How  do  the  Indians  produce  fire  1 
merely  rubbing  two  pieces  of  dry  wood  i 
gether? 

A.  They  take  a  piece  of  dry  wood,  sharp- 
ened to  ft  point,  which  they  rub  quickly 
up  and  down  a  flat  piece,  till  a  groove  is 
mode ;  and  the  dust  (collected  in  this ' 
groove)  catches  fire. 

Q.  Why  does  the  dust  of  the  wood  catd 
fire  by  rubbing  ? 

A.  Because  latent  heat  is  developed  i 
tin  TTOod  b^  friction. 

tlKicW  woodi  ftii  An  parpofs  ■»  ttziWBl  agilita  fHHttarrf,  or  In 
605. 

Q.  Do  not  carriage  wheels  sometimes  adch 

fini 

A.  Tea;  when  the  wheels  are  dry — orj 
^  too  tif^lj/— or  revolve  very  rapidly. 

606. 

Q.  Why  do  wheels  catch  fire  in  suctt 
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A.  Because  the  friction  of  the  wheels 
against  th^  axle4ree  disturbs  their  latent  heat, 
and  produces  ignition. 

607. 

Q.  What  is  the  use  of  greasing  cart 
wheels  ? 

A.  Grease  lessens  the  friction;  and,  be- 
cause there  is  less  friction^  the  latent  heat 
of  the  wheels  is  less  disturbed, 

608 

Q.  Why  does  rubbing  our  hands  and  faces 
make  them  feel  warm  ? 

A,  1st. — ^Because  friction  excites  the  lor 
tent  heat  of  our  hands  and  faces,  and  makes 
it  seiisible  to  our  feeling :  and 

2nd. — The  blood  is  made  to  circulate  nuyre 
quicUy;  in  consequence  of  which,  the  quan- 
tum of  heat  (left  in  its  passage)  is  increased, 

609. 

Q,  When  a  man  has  been  almost  drowned^ 
why  is  suspended  animation  restored  by  rw6- 
hing  ? 

A,  1st. — ^Because  friction  excites  the  la* 
tent  heat  of  the  half-inanimate  body :  and 

2nd. — ^It  makes  the  blood  circtdate  more 
quickly y  which  increases  the  animal  heat. 

610. 

Q.  Why  do  two  pieces  of  ice  rubbed  to- 
gether melt  ? 
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A.  Ice  containa  HO"  of  latent  heat,  and 
{when  two  piecea  are  rubbed  together)  some 
of  this  latent  heat  is  made  sensMe,  and 
melts  the  ice 

611. 

Q.  Are  not  forests  sometimes  set  on  pre 

l)y  friction ',' 

A.  Yes ;  when  two  branches  or  trunkB 
erf  trees  (blown  about  by  the  wind)  ruh  vio- 
iently  against  each  other,  their  latent  heat  is 
developed,  and  seta  fire  to  the  forests. 

613. 

Q.  Why  do  carpenters'  tools  (such  aa 
ginJets,  saws,  files,  etc.,)  become  hot  when 
used? 

A.  Because  the  friction  of  the  tools 
against  the  wood  disturbs  its  latent  heat, 
and  makes  it  sensible, 

613. 

Q.  Give  an  iUustration  of  this  ? 

A.  ^Vhen  canflon  is  bored,  the  borers 
become  so  intensely  hot  from  friction,  thnt 
Ihey  would  blister  the  hands,  if  touched. 

614. 

Q.  Why  do  these  borers  become  so  lu- 
tensely  hot? 

A.  Because  the  friction  of  the  borers 
fcgainst  the  metal  is  so  great,  that  it  set? 
tree  a  lar^e  quantity  of  latent  heat. 


mechjUjical  action. 


SECTION  m.- 


Q.  What  is  meant  by  compression  ? 
A.  The  act  of  bringing  parts  nearer  to- 
[  ^eth&r ;  as  a  Bponge  is  compressed  by  being 
I  squeezed  in  the  hand. 

616. 
Q.  Cannot  heat  be  evolved  from  common 
air  merely  by  compremon  ? 

A.  Yea ;  if  a  piece  of  German  tinder  be 
placed  at  the  bottom  of  a  glass  tube,  and  the 
air  in  the  tube  compressed  by  a  piston,  the 
tinder  will  catch  fire. 


Q.  Why  will  the  tinder  catch  fire  ? 
A.  Because  the  air  is  compressed  ;  and  Us 
\  latent  heat  being  squeezed  out,  sets  fire  to  the 
tinder  at  the  bottom  of  the  tube. 

618. 

Q.  When  an  air-gun  is  discharged  in  the  ' 
ilark,  why  is  it  accompanied  with  a  slight 
fiash? 

A.  Because  the  air  i»  very  rapidly  Ctm- 
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CONDENSATION   Olt   COMPRESSION. 


densed,   and  its  latent  heat  developed  in  i 
JJosk  of  light. 

N    B.  ir  ■  glAH  len.  be  lir«l  in  Ihe  cr.piierha!!.  (whira  iho 
619. 

Q.  Why  do  detonating  salt  and  powde^ 
explode  on  being  rubbed  or  stmck  ? 
.  A.    Because  the  mechanical   action 
rubbing  or  striking,  produces  sufficient  het 
to  ignite  the  explosive  materials  of  \ 
the  J  are  composed. 

620. 

Q.  Why  does  the  hole  made  by  a  shot  t 
cannon-ball  in  a  wall  or  timber,  look  as  i 
it  were  burnt  ? 

A.  Because  the  shot  or  cannon  balls  were 
BO  heated  by  the  discharge,  as  actually  to 
scorch  the  material  into  which  they  pene- J 
trated. 

621. 

Q.  Why  are  shot  and  cannon-balls  heated' 
by  being  discharged  from  a  gun  or  cannon  ? 

A.  Because  the  air  is  so  rapidly  con- 
densed, when  the  discharge  is  made, 
sufficient  latent  heat  ia  developed  to  malc^ 
"  ftflhot  or  balls  hot. 


PART  11. 

NON-METALLIC    ELEMENTS 


622. 

Q.  What  is  meant  by  nan-metaUic  eU 
meats  ? 

A.  Those  elementary  bodies  which  do 
not  belong  to  the  class  of  metals. 

Elementary  bodies  are  those  which  have  never  been  decomposed ;  that 
is,  do  not  appear  to  be  composed  of  any  compounds,  but  are  pare  sub* 
stances  in  themselves.  At  present  there  are  reckoned  mteen  non-metallie 
elementary  substances,  and  forty  which  belong  to  the  class  of  metals. 


CHAP.  L— OXYGEN  AND  OXIDES. 

623. 

Q.  What  is  the  diflference  between  oxy^ 
gen  and  an  oxide  ? 

A.  Oxygen  is  a  gas,  and  an  oxide  is  a  com- 
poimd  formed  by  the  union  of  oxygen  with 
other  bodies. 

SECTION   I. OXYGEN. 

624. 

Q.  What  is  oxygen  ? 

A.  A  gaseous  body;  which  is  found  largely 

170 
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difiused  throughout  all  nature,  being  an  im^ 
portaut  element  of  air  and  water,  rocks, 
earths,  minerals,  etc. 

Oxygal  f M  it  mneh  moni  iroublfxiins  to  nBllo  ihan  hydrogen.  TbJ 
tlua}fi  pliiii  is  in  put  a  few  ouiuiiia  of  nHngannii  (caJIcd  biatik  olids  or 
BHiifsiim,)  bill!  an  irun  boltlc,  farnithsd  wiihi  beiil  tube;  HIIhsbollLEi 

bit*  an  niynm  gu. 

Till  bubbh*  BBf  1w  colI«lfd  thn<  ^Pill  ■  coianuin  bailie  wllh  unler ; 
fcoWhiliTdrlBilofeilhebubblu  which  rualliruoali  ttac  ™n,  bin  be  mrt 
•he  »>uin  of  llii  botils  be  hrld  in  (A<  uoUT.  A>  ibe  hubDla  rige  Inlo  Ihs 
tnilB  IH8  water  will  runoni;  nod  when  ii[t  Ihe  water  hu  run  out,  the 
kilUa  will  be  full  of  gBi.  Oiirk  the  botlla  vKilt  llu  vmulli  rnniiini  under 
WBlir,-  tsl  ihsbollte  un  iubnie:  novel  theeorll  wilhlanl  or  wu,  and 
■be  BV  will  keep  ulMl  be  wenled- 
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Q.  When,  and  by  whom,  was  oxygen  dis~ 
covered? 

A.  It  wasdiscoveredin  1774,  by  Scheele, 
m  Sweden,  and  Dr.  Priestly,  in  England, 
independent  of  each  other.  They  described 
it  under  diiferent  names. 

626. 

Q.  Who  gave  it  the  nmne  of  oxygen  ;  and 
whiit  is  the  signification  of  the  word  ? 


ITS  OXi'GES  AND   OXIDES. 

-  A.  Lavoisier  gave  it  the  name,  wliicli  is 
derived  from  two  Greek  words  (4"^'  (oxus' 
m  acid,  and  yirvaw  (gennao)  I  produce. 

leiditjing  prlnciplo.  Modctn  diMOrrrlen  haro  iwulcd  ihi>  iiror,  S» 
HJgtia. 

627. 

Q.  Is  oxygen  ever  found  in  a  liquid  or  solid 
state? 

A.  No :  when  pure,  it  is  only  known  in 
the  gaseous  state  ;  all  eflforts  to  reduce  it  to 
a  liquid  or  solid  condition  by  cold  or  pres- 
sure, have  completely  failed. 

628. 

Q.  Has  oxygen  any  taste  or  smdl  ? 
A.  It  is  when  pure,  colorless,  tasteless,  and 
inoderous. 

639. 

Q.  Of  what  -use  is  oxygen  in  the  atmosphere? 
A.  It  sustains  animal  life,  and  supports 


^ 


630.  I 

Q.  What  pecidiar  property  doea  oxygen      I 
possess  with  regard  to  light  ?  \ 

A.  It  refracts  light  less  than  any  other 
known  body. 

633. 

Q.  Why  do  we  feeJ  braced  and  light-hearted 
on  a  fine  spring  or  frosty  morning  1 

^^ J 


,  Ist. — ^Because  there  is  more  oxygen  in 

lir  on  a  fine  frosty  morniug,  than  there 

B  im  a  wet  day  ;  and 

2nd. — -A  brisk  and  frosty  aii*  baa  a  I 

.dracy  to  brace  the  nervous  system. 


Why  do  dogs  and  cats  (confined  to  a 
n)  feel  lasy  and  drowsy,  at  the  approach,- 
of  rain? 

A,  Ist. — Because  the  air  does  not  con^ 
tain  its  fidl  proportion  of  oxygen  ;  and 

2nd. — The  damp  depresses  their  nervot 
system,  and  makes  them  drowsy. 

633, 

Q.    When  sheep  lie  undei-  a  hedge, 
seem  unwilling  to  go  to  pasture,  rain  is  afl 
hand ;  Explain  the  reason  of  .this  1 

A.  1st. — As  the  air  does  not  contain  it* 
full  proportion  o^  oxygen,  they  feel  uneasy  J 
and 

2nd. — ^As  the  damp  air  relaxes  their  i 
vous  system,  they  feel  listless  and  drowsy. 

634. 

Q.  Why  do  horses  neigh,  cattle  low,  iheep 
bleat,  and  asses  bray,  at  the  approach  of 
ram? 

A.  1st. — As  the  air  does  not  contnui  its 
15" 
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,  full  propoition  of  oxygen,  they  feel  a  i  _ 
I  tJilti/  in  breathing ;  and 

2nd, — As  damp  relaxes  their  nerves,  they 
I  feel  languid  and  uneasy, 

635. 

Q.  Mention  some  other  animids,  which  in- 

I  dicate  the  approach  of  rain  in  a  similar  way  1 

A.  When  pigs  squeak,  as  if  in  great  pain 

f  ■ — ^froga  croak  with  a  loud,  hoarse  noise — 

owls  screech — ^woodpeckers  cry — peacocks 

I  Bcream — guinea-fowls  squall — or  ducks  and 

geese  are  unusually  noisy,  I'ain  ia  close  at 

1  hand. 

636. 

Q.  Why  do  candles  and  jires  bum  with  a 
I  bluer  flame  in  wet  weather  ? 

A.  Because  tlie  air  contains  less  oxygen  in 
J  wet  weather,  and,  the«fore,  the  heat  of  the 
I  fire  is  less  intense.  The  flame  is  hive,  be- 
^  cause  the  fuel  is  not  thoroughly  consumed. 


Q,  What  is  meant,  when  it  is  said,  that 
it'ne  oxygen  of  the  air  "supports  combustion?" 
A.  It  means  this  :  It  is  the  oxygen  of  the 
oir  which  makes  ./we/  bum. 

638. 

Q.  How  does  the  oxygen  of  the  air  make 
I  fuel  bwm  ? 
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A.  The  fuel  is  decomposed  (by  heat)  into 
hf/drogen  and  carbon;  and  these  elements 
'combining  with  the  oxygen  of  the  air  pro- 
duce combustion. 

639. 

Q.  What  are  the  uses  of  the  oxygen  of 
the  air  ? 

A.  To  support  combustion  and  sustain  life. 

640. 

Q.  What  is  meant,  when  it  is  said,  that 
oxygen  ^^  sustains  life?^^ 

A.  It  means  this :  If  a  person  could  not 
inhale  oxygen^  he  would  die. 

641. 

Q.  What  good  does  this  inspiration  of 
oxygen  do  ? 

A.  1st. — ^It  gives  vitality  to  the  blood : 
and 

2nd. — ^It  is  the  cause  of  animal  heat. 

SECTION  II. OXIDES 

642. 

Q.  Wliat  are  oxides  ? 

A.  The  compounds  formed  by  the  union 
of  oxygen  with  other  bodies,  bear  the  gene- 
ral name  of  oxides. 

643. 

Q.  What  ia  rust? 
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A.  Tlie  oxidation  of  iron  in  moist  air. 

**  Ozidationj"  impr^nation  with  oxygen. 
644. 

Q.  Why  does  iron  rust  ? 

A.  Because  water  is  decomposed  when  it 
comes  in  contact  with  the  surface  of  iron  ; 
and  the  oxygen  of  the  water  combining  with 
irouy  produces  an  oxide,  which  is  generally 
called  rust. 

Water  is  composed  of  Oxygen  and  Hydrogen,  in  the  following  prqpf>r- 
tions :  8  lbs.  of  Oxygen,  tiud  1  lb.  of  Hydrogen=:9  lbs.  of  water. 

645. 

Q.  Why  does  air  rust  iron  ? 
,  A.  Because  the  oxygen  of  the  air  combines 
with  the  surface  of  the  metal,  and  produces 
oxide  of  iron;   which  is  generally  called 
"  rust." 

An  oxide  of  iron,  copper,  etc.,  is  oxygen  in  combination  with  iron,  cop- 
per, etc. 

646. 

Q.  Does  iron  rust  in  dry  air  ? 

A.  No ;  iron  undergoes  no  change  in  dry 
air. 

647. 

Q.  Wliy  does  hot  iron  scale  and  peel  oflf, 
when  struck  with  a  hammer  ? 

A.  Because  the  oxygen  of  the  air  very 
readily  unites  with  the  surface  of  the  hot 
irony  and  forms  a  metallic  oxide  (or  rust,) 
which  scales  off  when  struck  with  a  ham- 
mer. 


648. 


Why  do  stoves  and  fire 


e-irons  beeoni 
t  occupied? 
A.  Because  the  air  ia  damp ;  and  moi 
ail*  oxidises  iron  and  steel. 


649. 


^^^B.  Ia  what  part  of  the  year  is  it  m^ 
PmRcult  to  keep  stoves  and  fire-irom  hriglia 
A.  In  autumn  and  mnier. 

650. 

Q.  Why  ia  it  more  difficult  to  keep  stan 
and  fire-lrojis  bright  in  autumn  and  witU 
than  in  spring  and  auinmer  ? 

A.  Becauee  the  capacity  of  the  air  \ 
holding  water  is  constantly  on  the  decrease, 
after    the    summer    is    over ;     in    conse- 
quence of  which,    vapor  is    ' 
everything  with  which  the  air  comes  i 
contact. 

651. 

Q.  Why  does  greasing  iron  prevent  i 
becoming  rusty  ? 

A.  Because  grease  prevents  the  humidi^ 
of  air  from  coming  in  contact  with  the  s 
face  of  the  iron. 

Q.  Why  does  painting  iron  prevent  it  fron 
nistiitg? 
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A.  Because  paint  prevents  the  moist  tar 
"om  coming  in  contact  with  the  iron. 

653. 

Q.  Why  will  bright  iron  lose  its  polish  by 
)eing  put  into  a  fire  ? 

A.  Because  the  oxygen  of  the  air  very 

readily  unites  with  the  surface  of  hot  iron, 

aud  forms  a  metallic  oxide;  which  displays 

"""self,  in  this  case,  by  a  dull  leaden  color, 

letead  of  a  red  rust. 

€54. 

Q.  Why  do  not  stoves  rust  so  frequently 
s  pokers  and  tongs  ' 

A.  Because  stoves  are  generally  covered 
tnth  phmbago,  or  black  lead. 

G55. 

Q.  What  is  plumbago,  or  black  lead  ? 
A.  A  mixture  of  charcoal  and  iron. 


Iionie.    Thii  . 


N.B.  A  mcni'o-— "— - 
rubbed  on  the  iro 


Q.  Why  does  ornamental  steel  (of  a  pur- 
ple or  lilac  color)  rust  more  readily  than 

ilished  white  steel  ? 

A.  Because  the  hlae  tinge  is  produced  by 
(partial  oxidtdion ;   and  the  process  which 


forma  rusts, 
menced. 


has,   therefore,  already  com 


Q,  How  can  lilac  sfeel  be  keyt  free  frt»na 

^^^^Lt  By  keeping  it  in  a  very  dri/  place. 

H|l^9  If  dry  air  contains  oxygen,  why  doi 
tl  Tiot  rust  iron,  as  well  as  moist  air  ? 

A.  Because  moisture  is  always  neede( 
in  oixier  to  bring  into  action  the  affinity  c 
oxygen  for  steel. 

659. 

Q.  When  a  WocA^M&so// is  dug  or  ploughed 
up,  it  turns  of  a  reddish  brown  color  after 
a  short  time ;  Why  is  this  ? 

A.  Because  the  soil  contained  a  certain 
compound  of  ironj  called  the  "protoxide," 
which  is  black.  This  protoxide  of  iron, 
absorbing  more  oxygen  from  the  moist  air, 
is  converted  into  ajiother  compound,  called 
the  "per-oside  of  iron,"  which  is  of  a  red- 
dish rusty  color. 

Tbcrc  MB  twofaiflMof  iron,  the  one  conUihiin([  more  oiygsn  uiimlln 
MuB  Tha  protoxide  wKirh  contnina the  leutoxygGp  itlitackj  tho  por* 
<iu4Vt  trtiich  ci>nLaln*  Lhe  iDoat  oxygon  ii  rtd, 

663. 

Q.  Do  any  other  metals  (bowides  iron) 
^AOrabine  rapidly  with  oxygen .' 


■^ 
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A,  Yes;  copper,  lead,  mercury,  and  eveit 
flilver  to  some  extent, 
eei. 

Q.  Why  does  copper  tarnish  ? 

A.  The  tarnish  of  copper  is  caused  by  its 
oxidation ;  that  is,  the  oxygen  of  the  air 
combines  with  the  surface  of  the  copper, 
and,  (instead  of  nesting  it)  covers  it  with  a 
dark  tarnish. 

£62. 

Q.  Why  does  lead  become  a  darker  hue, 
by  being  exposed  to  the  air  ? 

A.  Because  the  vapor  of  the  air  com- 
binea  with  the  lead,  and  oxidizes  its  surface  ; 
but  instead  of  becoming  rusti/,  the  surface 
assumes  a  darker  hue. 

663. 

Q.  Why  does  lead  lose  its  brightness,  and 
become  dull,  by  being  exposed  to  the  air  ? 

A.  The  dullness  of  the  lead  is  caused  by 
the  presence  of  a  carbonate  of  the  oxide. 
When  the  oxide  is  formed,  it  attracts  car- 
bonic  acid  fi'om  the  air,  and  (combining  with 
it)  produces  a  carbonate,  which  gives  the 
ditU  tint  to  old  lead. 

664. 

Q.  WTiy  ia  it  difficult  to  keep  silver  bright? 
A.  Because  the  vapor  of  the  nir  oxic 
itfl  surface,,  and  tarnishes  it. 


■ongni!    I 
3xidizeti   I 


Q.  Wliy  does  sdt  turn  silver  black  ? 

A.  Because  it  precipitates  an  oxide  of 
silver  on  the  surface  of  the  spoon,  the  color 
of  which  is  black. 


666. 

Q.  How  can  the  black  steia  of  silver > 
made  by  salt  be  removed  ? 

A.  By  washing  the  silver  in  hartahorn 
or  common  ammonia ;  by  which  means, 
the  o.'dde  will  be  re-diseolved,  and  the 
blackness  entirely  disappear. 

667. 

Q.  Why  do  silver  tea-pots  and  spoons  tar- 
nish more  quickly  than  bullion  ? 

A.  Because  alloy  of  some  baser  metal  is 
used,  to  make  them  more  hard  and  lasting; 
and  this  dloy  oxidizes  more  quickly  than 
silver  itself. 

663. 

Q.  Why  does  German  silver  turn  a  dingy 
tcUow  in  a  few  hours  ? 

A.  Because  German  silver  has  a  great 
:if5nity  for  oxygen  ;  and  shows  its  o-uda- 
tion  by  a  sickly  yelloio  tarnish,  instead  of 
nist. 

16 


182  OSTGEN   AND   OXIDES. 

669. 

■Q.  If  quicksilver  (or  mercury)  will  tar 
nish  like  copper  and  lead — why  does  it  pre- 
serve its  brilliancy  in  barometers  and  therma- 
meters  ? 

A.  Because  the  air  is  excluded ;  and  no 
moisture  can  come  in  contact  with  it,  to 
oxidize  (or  tarnish)  it. 

670. 

Q.  Is  gold  affected  by  the  atmosphere  ? 

A.  Not  readUy ;  gold  will  never  com- 
bine with  oxygen  of  itself,  (that  is,  with- 
out aid.) 

671. 

Q.  Which  of  the  metals  is  capable  of  re- 
sisting oxidation  altogether  ? 

A.  Plat'inum  ;  in  consequence  of  which, 
the  graduated  arcs  of  deUcate  "  instru- 
menta-for-observation,"  are  made  of  plati- 
num instead  of  any  other  metal. 

672. 

Q.  Wiiy  is  plat'imm  used  for  the  gradu- 
ated arcs  of  delicate  mathematical  instru- 
ments, instead  of  any  other  metal  ? 

A.  Because  it  will   never   oxidize ;  but 
retains  its  bright  surface  in  all  weathers, 
from  both  rust  and  tarnish. 


rs,  free       ] 


For  what  other  scientific  purpose  is 
Irinum  now  used  ? 
A.  Fur  crucibles  in  which  acids  are  em 
ployed  :  and  for  galvanic  battei'ies. 

.        G74. 

Q,  Why  are  crucibles  (in  which  acids 
employed)  made  of  plat'inum  ? 

A,  Because  the  acid  would  act  upon  other 
metals,  or  upon  glass  ;  and  prevent  the  ex- 
perimenter's success. 

675. 

Q.  Before  plat'inum  was  discovered, 
which  of  the  metals  was  employed  for  the 
eame  purpose  ? 

A.  Gold. 

fnr  ifJw     U  vm^  intrmluc^  fiom  Spulh  America  into  Engiaml,  'byMrT 
Wood, 'A.  D,  1740) 

676. 

Q.  Which  of  the  metals  have  the  greatest 

affinity  for  oxygen  ?  ~ 

A.  Those  called  potas'sium  and  so'diwn.  1 


Q.  How  ifl  the  affinity  of  potas'sium  a 
BO'dium  for  oxygen  shown  ? 

A.  They  decompose  mater  as  soon  as  then 
-  rSre  brought  into  contact  with  it. 
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678. 

Q.  What  effect  has  potas'sium  on  water  ? 

A.  It  catches  fire  the  moment  it  is  thrown 
into  water,  and  bums  with  a  vivid  flame 
which  is  still  further  increased  by  the  com* 
bustion  of  hydrogen^  separated  from  the 
water. 

N.  B.  Water  is  compoMd  of  oxygen  and  hydrogen;  and  potas^inm 
stparaus  the  two  gases. 

679. 

Q.  What  effect  has  so'dium  on  water  ? 

A.  It  does  not  take  fire  as  potas'sium 
does ;  but  undergoes  very  rapid  oxidation. 


CHAP.  II.— HYDROGEN  AND  WATER. 

680. 

Q.  What  is  the  distinction  between  Ay- 
drogen  and  water  ? 

A.  Hydrogen  is  an  inflammable  gay;  and 
water  is  composed  of  hydrogen  and  oxygen. 

SECTION  I. HYDROGEN.  . 

681. 

Q.  What  is  hydrogen  ? 

A.  An  inflammable  gas.     The  gas  used 
in  our  streets  is  hydrogen  driven  out  of  cod 


hy  heat.    Hydrogen  Is  the  principal  i 
dieat  of  water. 

Coal  Eiu  liann  properly  tp«akiiig)  ii  enrbaietled  hydrogen ;  rt 
ion  mid  hyunjfBn. 

u4  >.«ou  gennM  (I  prndnco.) 

662 

Q    When  was  hydrogen  gaa  discovered  ?  j 

A.  After  the  middle  of  the  eighteenlf 

century,  and  was  termed  inflammable  air. 

683. 

Q.  Has  hydrogen  any  taste  or  color  ? 

A.  It  haa,  when  pure,  neither  taste,  colo. 
nor  smdl.  When  it  haa  any  odor,  it  arise 
from  impurities. 

684. 

Q.  Does  hydrogen  support  life  ? 
A.  No  ;  it  destroys  it,  rather  by  excluding 
oxygen  than  by  its  own  injurious  efFecte. 

68S. 

Q.  Does  hydrogen  gas  like  oxygen  sup- 
port covtbustion  ? 

A-  No ;  it  is  highly  combustible,  but  do( 
not  support  combustion  ;  uniting  with  osyJ 
gen  it  forma  water. 

6B6. 

Q.  What  are  the  peculiar  characteristic 
of  hydrogen  gas  ? 

A.  1st. — ^It  is  the  lightest  of  all  knowoj 
substances; 

16* 
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i. — Et  will  bum  immediately  on  being 
pgnited;  and 

3rd. — Alighted  candle  (immersed  in  this 
pis)  will  be  instantly  extinguished.* 

£87. 

Q.  For  what  uses  are  hydrogen  gas  em- 
I  ployed  1 

A.  1st. — Owing  to  its  leviii/  it  is  used  to 
infiate  balloons. 

2nd. — Burned  with  oxygen,  it  constitutes 
the  hydrogen  blowpipe  ;  and 

3rd. — It  is  a  powerful  chemical  agent. 


Q.  What  is  a  blow-pipe  ? 

A.  A  tube,  usually  bent  near  the  end, 
terminated  with  a  finely  pointed  nozzle,  for 
blowing  through  the  flame  of  a  lamp  or 
g!is-jet ;  and  producing  thereby  a  small 
conical  flame  possessing  I'er^  interne  heat. 

689. 

Q.  Describe  the  hydrogen  blowpipe  ? 
A.  A  mixture  of  oxygen  and  hydrogen, 

^Hyiiidden  BHimBv  bo  madfl  thnv : — Put  #omB  pLeCHof  linfl  c>r  Inm 
\mf»  i.iU.  .gl""  i  pira'  "V"  'l>™  ■>  lillle  wiphuric  acid  (viiri..! Jdilulrf 
■ilh  iwloe  Ihe  qunnllty  of  WBler ;  Ihtn  H.vor  lbs  glw  over  foi  ■  fow 
linElo,  nird  bydrogeu  nu  will  be  giien  oS. 

EnFEBnmna.— iraiSanisbEiniliola  Ihs  glau,  an  nrplaitat  wlU  b« 


ran  ItiningE'lhe  cork,  and  k  LtghL  held 
'''??' .■bSll"'ii^eh!ir'o»«  the    bill 


o  ihe  iu"vir 


wheu  Ignited,  produces  an  intense  heat, 
constitutes  the  hydrogen  blowpipe. 

690. 

Q.  Who  invented  the  hydrogen  blowpipa  I 
A.  Dr.  Hare,  of  Philadelphia. 

691. 

Q.  Can  you  describe  the  Drummond  light? 

A.  It  is  the  ignited  flame  of  a  mixture  of 

oxygen  and  hydrogen,  projected  against  lime  ; 

the   lime   becomes  intemely  luminous,  and 

18  the  well  known  Drummond  light. 


^^^l£ 
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Q.  What  is  water  ? 

A,  Water  is  a  fluid,  composed  of  oxygeni 
and  hydrogen,  in  the  proportion  of  eight] 
parts  of  oxygen  to  one  ptirt  of  hydrogen. 

693. 

Q.  Why  is  water  fluid  ? 

A.  Because  ita  particles  are  kept  separate 
by  latent  heat ;  when  a  certain  quantity  of 
tois  latent  heat  is  driven  out  water  becnmei  ^ 
tdid,  and  is  called  ice. 


Q.  Why  is  pump-water  called  "hard  wa^S 
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A.  Because  it  is  ladeu  with  foreign  mat- 
ters, and  will  not  readily  dissolve  substances 
immersed  in  it. 

695. 

Q,  What  makes  pump-water  hard  ? 

A.  When  it  filters  through  the  earth, 
it  becomes  impregnated  with  sulphate  of  lime, 
and  many  other  impurities  from  the  earths 
and  minerals  with  which  it  comes  in  contact. 

696. 

Q.  What  is  the  cause  of  mineral  springs  f 
^.  When  water  trickles  through  the 
ground,  it  dissolves  some  of  the  substances 
with  which  it  comes  in  contact;  if  these 
substances  are  metallic,  the  water  will  par- 
take of  their  mineral  character, 

697. 

Q.  Why  is  it  difficult  to  wash  our  hands 
clean  with  hard  water  ? 

A.  Because  the  soda  of  the  soap  combines 
with  the  sulphuric  add  of  the  hard  water — 
and  the  oil  of  the  soap  with  the  lime — and 
floats  in  flakes  on  the  top  of  the  water. 


Q.   Why  is  it  difficult  to  wash  in  salt 
water? 


salt     I 
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A.  Because  it  contains  muriatic  acid ;  and 
(lie  soda  of  soap  combines  with  the  muriatic 
acid  of  the  salt  water,  and  produces  a  cloudi- 
nCBs. 

699. 

Q.  What  is  the  cause  o^ petrifactions? 

A.  While  water  rolla  under  ground,  its 
impurities  are  held  in  solution  by  the  pre- 
sence of  carbonic  acid;  hut  when  tlie  stream 
reaches  the  open  air,  its  carbonic  acid 
escapes,  and  these  impurities  are  precipita^ 
ted  on  various  substances  Ijing  in  the  course 
of  the  stream. 

700. 

Q.  Why  does  water  clean  dirty  lirien  ? 
A.  Because  it  dissolves  the  stains,  as  it 
would  dissolve  salt. 

701. 

Q,  Why  does  soap  greatly  increase  the 
cleansing  power  of  water  ? 

A.  Because  many  stains  are  of  a  greasy 
•nature  ;  and  soap  has  the  power  of  uniting 
with  greasfj  matters,  and  rendering  them 
soluble  in  water. 

702. 

Q.  Why  is  rain-water  soft  ? 
A.  Because  it  is  not  impregnated  with 
tartks  and  minerals. 
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703. 

Q.  Why  is  it  more  easy  to  wash  with  soji 
water,  than  with  hard  ? 

A.  Because  soft  water  unites  freely  with 
Boap,  and  dissolves  it;  instead  of  decomposing 
it,  as  hard  water  does. 

704. 

Q.  Why  do  wood  ashes  make  hard  water 

pI"      soft? 

A.  1st. — Because  the  carbonic  acid  of  wood 
ashes  combines  with  the  sulphate  of  lime  in  the 
hacd  water,  and  converts  it  into  chalk  ;  and 
2nd. — Wood  ashes  convert  some  of  the 
soluble  salts  of  water  into  insoluble,  and 
throw  them  down  as  a  sediment ;  in  conse- 
quence of  which,  the  water  remains  more 
pure. 

705. 

Q.  Why  has  rain-water  such  an  unpleasant 
smell,  when  it  is  collected  in  a  rain-water 
I  tub  or  tank  ? 

A.  Because  it  is  impregnated  with  rfe- 
l  composed  organic  matters,  washed  from  roofsi 
f  trees,  or  the  casks  in  which  it  is  collected. 

706, 

Q.  Why  does  melted  si^ar  or  salt  give  a 
[  flavor  to  water  ? 

A.  Because  the  sugar  or  salt  (being  dis- 
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onited  into  very  minute   particles)  jhats 
about  the  water,  and  mixes  with  every  part. 

707. 

Q.  Why  does  hot  water  melt  sugar  and 
salt  quicker  than  cold  water  ? 

A.  Because  the  heat  (enteruig  the  porea 
of  the  sugar  or  salt)  opens  a  passage  for  the 
water. 

708. 

Q.  Why  is  sea-water  brackish  ? 

A.  1st. — Because  tlie  sea  contains  mines 
of  salt  at  the  bottom  of  its  bed  ; 

2nd. — It  is  impregnated  with  bituminous 
Vtatter,  which  is  brackish ;  and 

3ni. — It  contains  many  putrid  substances 
of  A  brackish  natm«. 

709, 

Q.  Wliy  is  not  rain-water  salt,  although 
most  of  it  is  evaporated  from  the  sea  ? 

A.  Because  sdt  will  not  evaporate  ;  and, 
therefore,  when  sea-water  is  turned  into 
vapor,  its  salt  is  left  behind. 

710, 

Q.  Why  does  running  water  oscillate  and 
whirl  in  its  cuiTent  ? 

A.  1st. — Because  it  vnpinges  against  itH 
]ianksy  and  is  perpetually  diverted  from  its 
forward  motion ;  and 
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2nd,  Because  the  centre  of  a  river  flowe 
faeter  than  its  sides. 

711. 

Q.  Why  do  the  sides  of  a  river  flow  more 
tardily  than  its  centre  ? 

A.  Because  they  rvb  against  the  banks, 
and  are  delayed  in  their  current  by  this 
friction. 

CHAP  III— NITROGEN  AND  AIR. 


Q.  What  is  nitrogen  ? 

A.  An  invisible  gas  which  abounds  in 
animal  and  vegetable  substances  ;  The  fol- 
lowing are  its  peculiar  characteristics ;  ' 

Ifit. — It  will  not  bum ;  ' 

2nd. — An  animal  cannot  live  in  it ; 

3rd. — It  is  the  principal  ingredient  in 
common  air.* 

NMrly  fnat  gslloni  oal  ■>{  ewrty  life  being  iijir™en  gai. 

Nilrogeii,  Ibaiii,  eeneraioturmlrE;  bI^i:,  callefTaiiui,  from  the  Gnek 

713. 

Q.  When  and  by  whom  was  nitrogen  dis- 
covered? 


the  nxvffcn  iif  Ihn  nit  will  be  tiilien  np  by  ihe  butning  nhotpSunu :  biuI 
Dllmnwiiliniewil]  be  lefl  bi  lliBbell  f\n'. 

N.  B.  The  white  fume  which  will  aiiie  and  be  >bviTbad  br  the  wbih  hi 
lliii  EKpfrlmEni  la  phoiphdric  ecidi  Ibni  ia,  pbOHphonucaniUncd  nllk 
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ta  the  year  1772,  by  Rutherford. 


w 

^^^B  hi  the  ye 

^^^Q.  Is  nitrogen  capable  of  sustaining  com-l 

f   bastion? 

\        A.  No ;  nitrogen,  like  hydrogen, 

capdile  of  sustaining  combustion  or  animnll 
existence,  although  it  has  no  positive  poison-3 
ous  properties. 

715. 

Q.  Has  nitrogen  any  color  ? 
A.  No ;  nitrogen  has  neither  color,  tasteA 
HOT  smell. 

SECTION  ri. AIK. 

716. 

Q.  What  are  the  elements  of  atmospherioJ 

A.  Oxygen  and  nitrogen  mixed  together 
in  the  following  proportions ;  four  gallons 
of  nitrogen  and  one  of  oxygen,  will  make  i 
five  gallons  of  common  air. 

717 

Q.  Is  not  the  air  we  breathe  almost 
wholly  composed  of  nitrc^en  ? 

A.  It  is ;  about  four-fifths  of  the  air  i^ 
mfrogen  and  the  other  one-fifth  is  oxygen. 

Oil  nliiDgrn 
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718. 

Q.  Why  is  there  so  much  nitrogen  in  Wvk 
fiir? 

A.  In  order  to  dilute  the  oxygen.  If  the 
oxygen  were  not  thus  diluted,  fires  would 
bum  out  too  quickly,  and  life  would  be  too 
rapidly  exhausted. 

719. 

Q.  Is  air  mater  id  y  that  is,  is  it  composed 
of  matter  ? 

A.  It  is ;  we  do  not  see  the  air  in  the 
room,  because  it  is  transparent ;  but  we  fed 
it  when  we  run  or  fan  ourselves,  and  we  hear 
through  the  medium  of  the  air ;  therefore, 
it  is  materid,  or  composed  of  matter ;  for 
matter  is  that  which  is  perceived  by  our 
senses. 

720 

Q.  Is  air  invisible  ? 

A.  No ;  for  although  we  cannot  perceive 
it  immediately  around  us,  when  we  look  up 
into  the  firmament  illuminated  by  the  sun, 
the  air  appears  of  a  beautiful  azure.  This 
is  the  mass  of  the  atmosphere.  Distant 
mountains  appear  of  a  blue  color,  owing  to 
our  viewing  them  through  the  atmosphere. 

721. 

Q.  Why  can  we  not  see  the  air  imme* 
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diatoly  arouiiii  us  of  the  same    beuutifuiy 
aziu-c  ? 

A.  So  small  a  portion  of  air  reflects  litt^ 
or  no  color,  while  a  mass  would  be  capabla 
of  reflecthig  a  beautiful  tint ;  so  it  is  mtti 
a  small  quantity  of  sear-water  clipped  up  in 
a.  glass  ;  it  would  appear  perfectly  colorleai-, 
yet  the  deepest  part  of  the  ocean  appears 
of  a  dai'k  green,  approaching  to  a  black. 

CHAP.  IV.— CARBON. 
722 

Q.  What  is  carbon  / 

A.  A  soHd  substance  generally  of  a  darlj 
or  black  color,  well  known  under  the  fbrm 
of  charcoal,  lamp-hlack,  coke,  etc. 

723- 

Q.  Carbon  occurs  in  nature  crystallized  In 
two  fonns  ;  What  are  they  ? 
A.  The  Diamond  and  Graphite. 

GnpKiu,  knnwii  by  (he  anrnm  of  tilnnibiigo,  oi  bliek-lead,  i 
Biking  pniciJi  tia  druwing  «nd  writing. 
724, 

Q.  What  is  a  crystal  ? 

A.  The  geometrical  form  possessed  by  t 
vast  number  of  mineral  and  saline  substaiiiS 
ces,  whose  particles  combine  with  one  ano- 
ther by  the  attraction  of  cohesion,  accord- 

;  to  certain  laws,  the  investigation  of 


I  which  belong  more  properly  to  the  science 
lof  crystallography. 

725. 

Q.  What  peculiar  properties  does  the  c/io- 

v>nd  possess  ? 

A.    It    possesses    a   degree    of    hardness 

•rior  to  that  of  any  other  mineral ;  it 

(cratches  all  other  bodies  but  ia  scratched 

py  none. 

It  acquires  positive  electricity  by  friction, 
'hut  does  not  retain  it  for  more  than  half  an 
fhour. 

It  possesses  either  single  or  double  re- 
ifiaction  according  to  its  crystalline  form. 

MTien  exposed  to  the  sun's  rays  for  a 
Icertain  time,  or  to  the  blue  rays  of  the 
I  prisBG  xtie  spectrum,  it  becomes  phospho- 
I  resci  nt. 

(For  a  docilpUon  of  gmphiic,  nt  under  rnsUIi.) 
726. 

Q.  Can  you  give  an  example  of  carbon 
in  its  uncrystallized  state  ? 

A.  Lamp-black,  the  soot  produced  by  the 
imperfect  combustion  of  oil  or  resin,  is  pure 
carbon  in  its  uncrystallized  or  amorphous 
state.  '_ 

"  AjaerptM**' — ahflpclen,  without  form, 
727. 

Q.  What  is  charcoal  ? 


A.  Wood  which  has  been  exposed  to  ii 
red  Ileal  till  it  has  been  deprived  of  all  its 
gases  and  volatile  parts. 

728. 

Q.  Why  does  charcoal  remove  the  taint  o0 
meat  ? 

A.  Because  it  absorbs  all  putrescent  effluvia, 
whether  they  arise  from  animal  or  vegeta- 
ble matter. 

729. 

Q.  What  other  kinds  of  charcoal  are  therftfl 
A.  Coke,  the  charcoal  of  pit-coal,   ! 
Anthracite,  which  is  a  mineral  charcoal. 

730 

Q.  Why  is  a  charcoal  fire  hotter  tlian  i 
wood  fire  ? 

A.  Because  charcoal  is  very  pure  carbon ; 
and,  as  it  is  the  carbon  of  fuel  which  pro- 
duces the  glowing  heat  of  combustion, 
therefore,  the  purer  the  carbon,  the  more 
intense  will  the  heat  of  the  fire  be. 


Q.  Why  doefl   coal  make  such   excellen 
fuel? 

A.  Because  it  contains  a  large  amount  o 
caihon  and  hydrogen  gas,  in  a  very  com  pad 
(md  convenient  form. 
17" 


Q.  Why  will  not  s/oTiea  do  for  fuel  as  well 
f  ns  coal  ? 

A.  Because  they  contain  no  hydrogen  and 
!  liltle  or  no  carbon. 

733. 

Q.  Why  will  not  iron-cinders  bum  ? 

A.  Because  they  contain  impurities,  which 
are  not  so  ready  to  combine  with  oxygen, 
as  carbon  and  hydrogen  are. 

734. 

Q.  Of  what  are  oil,  tallow,  and  wax,  com- 
(- posed? 

A.  Principally  of  carbon  and  hydrogen 
I  gas.  The  solid  part  is  carbon,  the  vol^Ue 
\  part  is  hydrogen  gas. 


Q.  Why  are  timbers  which  are  to  be  ex- 
F  posed  to  damp  charred  ? 

A.  Because  charcoal  undergoes  no  change 
by  exposure  to  air  and  water;  in  conse- 
quence of  which,  timber  will  resist  weather 
much  longer  after  it  has  been  charred. 

736. 

Q.  Why  ehould  sick  persons  eat  dry  toast 
ather  than  bread  and  butter  ? 
A.  Because  the  charcoal  surface   of  the 


toast  helps  to  absorb  the  adds  and  impuri^ 
ties  of  a  sick  stomach. 


Q.  Why  should  toast  and  water  intende 
for  the  sick  be  made  of  burnt  bread  ? 

A.  Because  the  charcoal  surface  of  bumlJ 
bread  prevents  the  water  from  being  a£M 
fected  by  the  impurities  of  the  sick  room. 

738, 

Q.  Why  does  a  piece  of  burnt  bread  makJ 
impure  water  fit  to  drink  ? 

A.    Because    tlie   surface  of  the    bre 
(which  has  been  reduced  to  charcoal  by  t 
ing  burnt,)  absorbs  tlie  impurities  of  thewoM 
ter,  and  makes  it  palatable. 

739, 

Q.  Why  are  water  and  wine  casks  charred 
hiBHie? 

A.  Because  charring  the  inside  of  a  cask' 
reduces  it  to  a  kind  of  charcoal ;  and  char- 
coal (by  absorbing  animal  and  vegetable 
impunties,)   keeps    the    liquor   sweet   and^ 
good. 

740. 

Q.  Why  is  water  purified  by  being  fllterc 
through  charcoal  ? 
_  A.  Because  charcoal  absorbs  the  impm 
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ties  of  the  water,  and  removes  all  disagree- 
able tastes  and  smells,  whether  they  arise 
from  animal  or  vegetable  matter. 

SECTION    I. CARBONIC    ACID. 

741. 

Q.  What  is  carbonic  acid  gas  ?  . 

A.  A  gas  formed  by  the  union  of  carbon 
and  oxygen  ;  it  used  to  be  called  fixed  air. 

3  lbs.  of  carbon  and  8  iba.  of  oxygen  will  form  11  lbs.  of  carbonic  acid. 

742. 

Q.  What  gas  is  generated  by  a  lighted 
candle  or  lamp  ? 

A.  Carbonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  the  oil  or  tallow  with 
the  oxygen  of  the  air. 

743. 

Q.  Under  what  circumstances  does  carbon 
most  readily  unite  .with  oxygen  ? 

A.  1st. — When  its  temperature  is  raised : 
Thus  if  carbon  be  red  hot,  oxygen  will  most 
readily  unite  with  it :  and 

2nd. — ^When  it  forms  part  of  the  fluid 
blood. 

744. 

Q.  Why  do  oxygen  and  carbon  so  rea- 
dily unite  in  the  blood  ? 

A    Because  the  atoms  of  carbon  ai'e  so 
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Ioosi-Ij/  attracted  by  the  other  materials  of  the 
blood,  that  'they  unite  very  readily  with  the 
oxygen  of  the  air  inhaled. 

745, 

Q,  Is  carbonic  acid  h 

A.  No ;  it  ia  faid  to  animal  life ;  anO 
(whenever  it  is  inhaled)  acta  like  a  narcotic 
poison — producing  drowsiness,  which,  some- 
times ends  in  death. 

746 

Q.  How  can  any  one  know,  if  a  place  be  1 
infested  with  carbonic  add  gas  ? 

A.  If  a  pit  or  well  contain  carbonic  acid, 
a  candle  (let  down  into  it)  will  be  instantly 
extinguished.  The  rule,  therefore,  is  this — 
where  a  candle  will  hum,  a  man  can  live  ;  but 
what  will  extinguish  a  candle,  will  a 
life. 

747. 

Q.  Why  does  a  miner  lower  a  candle  intc 
a  mine,  before  he  descends  ? 

A.  Because  the  candle  mil  be  extinguished 
if  the  mine  contains  carbonic  acid  gas :  but 
if  the  candle  is  not  extinguished,  the  mine  \b 
mfe,  and  the  man  may  fearlessly  descend. 

743 

Q.  Why  does  a  crowded  room  produce 
^ead'Odie? 
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A.  Because  we  breathe  air  vitiated  by 
the  crowd. 

.  749. 

Q.  Why  is  the  air  of  a  room  vitiated  by 
a  crowd  ? 

A.  Because  it  is  deprived  of  its  due  pro- 
lx)rtion  of  oxygen  and  laden  with  -carbonic 
acid. 

750. 

Q.  How  is  the  air  of  a  room  affected 
thus  by  a  crowd  ? 

A.  The  elements  of  the  air  inhaled  are 
separated  in  the  lungs : — the  oxygen  is  con- 
verted in  the  blood  into  carbonic  add  ;  and 
the  carbonic  acid  (together  with  the  nitro- 
gen) is  throAvn  back  again  by  the  breath 
into  the  room. 

751 

Q.  Is  all  the  nitrogen  rejected  by  the 
lungs  ? 

A.  Yes ;  all  the  nitrogen  of  the  air  in 
always  expired. 

752, 

Q.  Why  is  a  crowded  room  unwholesome  ? 

A.  Because  the  oxygen  of  the  air  is  db- 
sorbed  by  the  lungs  ;  and  carbonic  acid  gas 
(which  is  a  noxious  poison)  is  substituted 
it. 
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M 


733. 

Q.  Mention  the  historical  circurastances, 
8f>  well  known  in  connection  with  the 
"  Black  Hole  of  Calcutta." 

A.  In  the  reign  of  George  II.,  the  Raja 
(or  Prince)  of  Bengal,*  marched  suddenly 
to  Calcutta,  to  drive  the  English  from  the 
country;  as  the  attack  was  unexpected,  the 
English  were  ohliged  to  submit,  and  one 
hundred  and  forty-sis  persons  were  taken 

Knera.  ^^l 

What  became  of  these  prisoners  ?     ^^^| 
They  were  driven  into  a  place  abot^V^^ 
een  feet  square,  and  fifteen  or  sixteen         ^ 
feet  in  height,  with  only  two  small  grated  j 

windows.  One  hundred  and  twenty-three 
of  the  prisoners  died  in  one  night;  and  (of 
the  twenty-three  who  survived)  the  larger 
portion  died  of  putrid  fevers,  after  they 
were  liberated. 

755. 

Q.  Why  were  they  suffocated  in  a  few 
hours,  from  confinement  in  this  close,  hot 
prison-hole  ? 

A.  Because  the  oxygen  of  the  air  w«8 
Boon  consimed  by  so  many  lungs,  and  ita 
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place  supplied  by  carbonic  acid,  exhaled  by 
the  hot  breath. 

756 

Q.  Why  did  the  captives  in  the  black  J:ole 
die  sleeping? 

A.  lat. — Because  tlie  absence  of  ixygen 
•  quickly  affects  the  vital  functious,  depresses 
lie  nervous  energies,  and  produces  a  Lissi- 
tude  which  ends  in  death ;  and 

2nd. — Carbonic  acid  gas  (being  a  narcotic 
poison)  produces  drowsiness  and  death,  in 
those  who  inhale  it. 

757 

Q.  Why  are  the  jur^les  of  Java  and  Hin- 
dostan  eo  fatal  to  life  ? 

A.  Because  vast  quantities  of  carbonic  acid 
are  thrown  off  by  decaying  vegetables  in 
these  jungles ;  and  (as  the  wind  cannot 
penetrate  the  thick  brushwood  to  blow  the 
pernicious  gas  away)  it  settles  there,  and  de- 
stroys animal  life. 

758. 

Q.  Why  do  persons  in  a  crowded  church 
feel  drowsy  ? 

A.  1st. — Because  the  crowded  congrega- 
tion inhale  a  large  portion  of  the  oxygen  of 
the  air,  which  alone  can  sustain  vihili^ 
and  healthy  action  :  and 


J 
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2Qii. — The  air  of  the  church  is  impreg- 
nated with  carbonic  acid  gas,  whicli  (beins 
a  strong  narcotic)  produces  drowsiness  i"* 
those  who  inhale  it. 

759. 

Q.  Why  do  persons  who  are  much  in  the 
ojien  air  enjoy  the  best  hedth  ? 

A.  Because  the  ajx  they  inhale  is  miu 
more  pure. 

760. 

Q.  Why  is  country  air  more  pure  than  thi 
air  in  cities  ? 

A.  1st. — Because  there  aj^  fewer  i 
tants  to  vitiate  tlie  air ; 

2ad. — ^There  are  more  trees  to  restort 
the  equilibrium  of  the  vitiated  air :  and 

3rd. — Tlie  free  circulation  of  air  keeps 
it  pure  and  wholesome :  (in  the  same  way 
oa  nmning  streams  are  pure  and  whole- 
sotne,  while  stagnant  waters  are  the  con? 
tjraiy.) 


Q.  Wliy  does  the  scantiness  of  a  country 
pnpidation  render  the  country  air  more  pure? 

X.  Because  the  fewer  the  inhabitants  the 
less  carbonic  acz'af  will  be  exhaled;  and  thus 
coontry  people  inhale  pure  oxys'n,  instear] 
18 
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of  air  impregnated  with  the  narcotic  poison, 
called  carbonic  acid  gas, 

762. 

Q.  Why  do  trees  and  flowers  help  to  make 
country  air  wholesome  1 

A.  1st. — Because  trees  and  flowers  a6- 
S!)r6  the  carbonic  acidy  generated  by  the  lungs 
of  animals,  putrid  substances,  and  other  ob- 
noxious exhalations :  and 

2nd. — Trees  and  flowers  restore  to  the 
air  the  oxygen^  which  man  and  other  ani- 
mals inhale. 

763. 

Q.  Why  is  the  air  of  cities  less  whole- 
some, than  country  air  ? 

A.  1st'. — Because  there  are  more  inhabi- 
tants to  vitiate  the  air : 

2nd. — The  sewers ,  drains,  bins,  a>Jid  filth 
of  a  city,  very  greatly  vitiate  the  air : 

3rd. — The  streets  and  alleys  prevent  a 
free  circulation :  and 

4th. — There  are  fewer  trees  to  absorb 
liie  excess  of  carbonic  acid  gas,  and  restore 
the  equiWmnm. 

764. 

Q.  Why  are  persons,  who  live  in  dose 
rooms  and  crowded  cities,  generally  sicMy  ? 

A.  Because  the  air  they  breathe  is  not 


CARBONIC   ACID.  207 

pure,  but  is  (in  the  1st  place)  defective  in 
oxygen;  and  (in  the  2nd)  is  impregnated 
with  carbonic  acid  gas. 

765. 

Q.  Where  does  the  carbonic  acid  of  close 
rooms  and  cities  come  from  ? 

A.  From  the  lungs  of  the  inhabitants, 
the  sewers,  drains,  and  other  like  places,  in 
which  organic  substances  are  imdergoing 
decomposition. 

766. 

Q.  What  becomes  of  the  carbonic  add  of 
crowded  cities  ? 

A.  Some  of  it  is  absorbed  by  vegetables ; 
and  the  rest  is  blown  away  by  the  wind,  and 
diffused  through  the  whole  volume  of  the 
air. 

767. 

Q.  Does  not  this  constant  diffusion  of 
carbonic  acid  affect  the  purity  of  the  whole 
air? 

A.  No ;  because  it  is  wafted  by  the  wind 
from  place  to  place,  and  absorbed  in  its  pas 
aage  by  the  vegetable  world. 

760. 

Q.  What  is  choke  damp  ? 

A.  Carbonic  acid  gas  accumulated  at  the 


.  of  wells  and  pits,  which 
dous,  and  often  fatal  to  life. 

76?, 

Q.  Why  ia  not  this  carbonic  acid  taken 
up  hy  the  air  and  diffused,  as  it  is  in  cities  ? 

A.  Because  (being  heavier  than  common 
air)  it  cannot  me  from  the  well  or  pii :  and 
no  wind  can  get  to  it,  to  blow  it  away. 

770. 

Q.  Why  are  persons  sometimes  killed  by 
iMi^g  over  brfT  vats? 

A.  Because  vats  (where  beer  has  been 
EKHl«)coatainalarge  quantity  of  ctTT&onic  add 
pa,  produced  by  the  "vinous  fermentation" 
i'»f  the  beer ;  and  when  a  man  incautiously 
Utms  over  a  beer  vat,  and  inhales  the  car- 
bonic aoid,  he  is  immediately  kiUed  thereby- 

771. 

,  ^Vhy  are  persons  often  kmea,  who  en- 
|C  betr  vats  to  clean  them  ? 

,  Because  carbonic  acid  (being  heavier 

atmospheric  air)  oflen  rests  upon  the 

%  of  a  vat:  when,  therefore,  a  person 

iera  the  vat,  and  stoops  to  dean  the  bottom, 

i  inhales  the  pernicious  gas,  which  kiRs 


\Vliy  arc  persons  sometimes  killed  hy 
Oriug  ft  charcoal  fre  in  their  bed-rooms? 


M 
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A.  Because  the  carbon  of  the  burning  chat 
coal  unitea  with  the  oxygen  of  the  air, 
foniis  carbonic  acid  gas,  which  is  a  narcoU 
jtoison. 

77a 

Q.  If  carbonic  acid  settles  at  the  bottom 
of  a  room,  how  can  it  injure  a  person  li/ing   )^ 
on  a  bed,  raised  considerably  above  the  floor? 

A.  Because  all  gases  diffuse  themselves 
through  each  other,  as  a  drop  of  ink  would 
diffuse  itself  through  a  cup  of  water.  If, 
therefore,  a  person  slept  for  sLs  or  eight 
hours  in  a  room  containing  carbonic  acid, 
quite  enough  of  the  gas  will  be  diflfused,— 
throughout  the  room  to  produce  death. 

The  hial  nf  tlio  Gre  sni^li  Ibg  proceiiof  difluiioil. 

*  774 

Q.  What  are  the  chief  sources  of  carboniA 
add? 

A.  1st. — The  breath  of  animals. 

2nd. — The  decomposition  of  vegetable 
■bd  animal  matter. 

8rd. — Lime-stone,  chalk,  and  all  calca- 
reous stones, — in  which  it  exists  in  a  soli^ 
form. 

775, 

Q.  From  which  of  these  sources  is  carbo- 
nic acid  most  likely  t/i  accumulate  to  a  noxious 
It? 

38" 


A.  From  the  fermentation  and  putrefac- 
tion of  decaying  vegetiible  and  animal  mat- 
ters. 

776. 

Q.  How  can  this  accumulation  of  carbonic 
acid  be  prevented  ? 

A.  By  throwing  quick-lime  into  places, 
where  such  fermention  and  putrefaction  are 
going  on, 

777. 

Q.  How  will  quick-lime  prevent  the  accu- 
mulation of  carbonic  acid  ? 

A.  Quick-lime  will  absorb  the  carbonic 
acid ;  and  produce  a  combination  called 
"  carbonate  of  lime." 

778.  , 

Q.  Does  not  heavy  rain  as  well  as  quick- 
lime, prevent  the  accumulation  of  carhonic 
add? 

A.  Yes;  an  abundant  supply  of  Wfrfer  will 
prevent  the  accumulation  of  carbonic  acid, 
by  dissolving  it. 

will  «>""  ab(inrihBnir£>nic  agid  gsi,  upcnmnliHrJi in  ■  pll or  l«ll. '""' 
779, 

Q,  What  effect  has  carbonic  acid  on  the 
water  in  which  it  is  dissolved  ? 

A,  It  renders  it  slightly  eecfcf  to  the  ta^^jl^  I 
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780. 

Why  does  gunpowder  explode  ? 
A.  Because  of  the  instantaneous  produc- 
tion and  expansion  ot  carbonic  acid,  sulphur- 
oitB  acid,  aod  nitrogen. 

Ganpowder  aaauunt  7S  pmuufnim,  13  of  chsrcul,  uid  llol  «1- 
7B1. 

Q.  Why  is  boiled  water  ficU  and  insipid  ? 
A.  Because  the  whole  of  the  carbonic  add 
13  expelled  by  boiling,  and  escapes  into  the 


Q.  Why  does  fresh  spring  water  sparkle, 
when  poured  from  one  vessel  to  another  ? 

A.  Because  fresh  spring  and  pump  wa 
ter  contain  carbomc  acid  ;  and  it  is  the  pre 
sence  of  this  gas  which  makes  the  wate- 
sparlde. 

Haeh  of  thu  frolb  Rnd  babhling  of  ale,  beer,  icoar,  «to.,  whun  Iba) 
•n  "fomeil  Ugh,"  in  dun  to  liiDpIg  xucuniriil  ncuon, 

783 

Q.  Why  is  ieer/(ri  if  the  cask  be  left  open 
too  long  ? 

A.  Because  too  much  of  the  carbonii  add 
gas  (produced  by  fermentation)  is  suffered  to 
escape. 


4 


Q.  Wli 
^beuigexp 


Wliy  are  beer  and  porter  made  stale  "b 
exposed  to  the  air  ? 
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A.  Because  too  much  of  the  carbonic  acid 
s  (produced  by  fermentation)  is  suffered  to 
lescape. 

7SS. 

Q.  Why  does  beer  turn  flat  if  the  veiit  peg 
I  lie  left  out  of  the  tub  ? 

A.  Because  the  carbonic  acid  gas  escapes 
I  through  the  vent  hole. 

78& 

Q.  Why  does  sd-ceratus  make  cakes  ligh^ 
'  |iarticularly  if  they  are  mixed  with  sotiT 
milk? 

A.  Because  the  acid  of  the  milk  disen- 
I  gages  the  carbonic  add  contained  in  the  sal- 
fseratus. 

7B7. 

Q.  Why  does  wood  decay  ? 
A.  Because  the  oxygen  of  the  air  unites 
with  the  carbon  and  hydrogen  of  the  wood, 
I  and  forms  carbonic  acid  and  water. 


Q.  Why  do  persons  throw  lime  into  bins 
land  sewers,  to  prevent  their  offensive  sinell, 
I  in  summer  time  ? 

A.  Because  they  contain  large  quantities 
of  carbonic  acid  gas,  which  readily  combines 
with  lime  ;  and  producing  "carbonate  of  lime" 
neutralizes  the  offensive  gases. 
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789. 
Why  ia  quick-lime  formed  by  burning 
[festone  in  a  kiln  ? 
A.  Because  the  carbonic  acid  (which  ren 
dered  it  mild)  ia  driven  off  by  the  heat  of 
the  kihi ;   and  the  Ume  becomes  quick  c 


790. 

Q.  What  is  mortar  ? 
A.    Quick-lime    mixed    with    sand 
water. 

791. 

Q.  Why  does  mortar  become  hard  after  ^ 
few  days  ? 

A.  Because  the  Ume  re-iTTibibes  from  the 
air  the  carbonic  acid  which  had  been  expelled 
by  fire  ;  and  the  loose  powder  again  becomes 
as  hard  as  the  original  lime-stone. 

792. 

Q.  Explain  in  what  way  mortar  is  ad- 
hesive ? 

A.  When  the  carbonic  acid  is  expelled, 
the  hard  lime-stone  ia  converted  into  quick- 
lime, which,  (being  mixed  with  sand  and 
water)  becomes  a  soft  and  sticky  plaster  ;  ' 
as  Boon  as  it  is  placed  between  bricks,  it 
hihes  carbonic  acid  again,  and  hardens  into 
lime'Slone. 


ami 

but  I 

itn-  J 
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793. 

Q.  Wherein  does  lime-stone  difier  in  ap- 
pearance from  quick-lime  ? 

A,  Limestone  is  a  hard,  rocky  substance ; 
but  quick'lime  is  friable. 

794. 

Q.  How  is  the  carbonic  acid  of  water  pro- 
duced ? 

A.  From  the  presence  of  limCy  which  is 
frequently  held  in  solution  by  hard  water ; 
when  the  carbonic  acid  escapes  by  exposure 
to  the  air,  the  lime  is  deposited  as  a  carbonate. 

795. 

Q.  Why  is  hard  water  more  agreeable  to 
drink  than  soft  water  ? 

A.  Chiefly  because  it  contains  carbonic 
acid 

796. 

Q.  Why  is  water  fresh  from  the  pimip 
more  sparkling  than  after  it  has  been  drawn 
some  time. 

A.  Because  water  fresh  from  the  pump 
contains  carbonic  acid,  which  soon  escapes 
into  the  air,  and  leaves  the  water  flat  and 
stale. 

797. 

Q.  Why  should  hard  water  (used  for  wash- 
ing) be  exposed  to  the  air  ? 
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A.  Because  it  ia  made  more  soft  by  ex, 
posure  to  the  aii . 

798. 

Q.  W\iy  is  hard  water  made  more  soft  li 
exposure  to  the  air  ? 

A.  1st. — ^Because  the  mineral  salts 
(which  cause  its  hardness)  subside  ;  and 

2ad. — ^Because  the  carbonic  add  of  the  waJ 
ter  makes  its  escape  into  the  air. 

799, 

Q.  What  ia  choke-damp  ? 

A.  Carbonic  add  gas  accumulat^ed  at  ) 
bottom  of  wells  and  pits.  It  is  called  clioke 
damp,  because  it  chokes  (or  suffocates)  every 
animal  that  attempts  to  inhale  it. 

ll  Hiir.MH^  wilboill  grlliog  Inlo  (lio  iu"gJ,  bj  clorinB  Ihe  nuler  mil 

800.  :  m 

Q.  Why  are  rotting  leaves  hot  ? 

A.  Because  the  fermentation  of  rotting 
leaves  produces  carbonic  acid  gas,  which  pro- 
ductioii  is  always  attended  with  heat.  In 
Ihct.  rotting  is  a  species  of  slow  combustion. 


801. 

Q.  From  what  is  the  word  efervesence  de- 
rived? 

A.  From  the  Latin  word  effervesce  (to 
I  ton.) 

802. 

Q.  Can  the  capacity  of  water  for  diesolv- 
I  ing  carbonic  acid  be  increased  ? 

A.  Tes.  Carbonic  acid  may  be  forced 
I  into  water  by  pressure  to  a  considerable  ex- 
I  tent. 

ao3. 
Q.  To  what  practical  uses  has  this  capa- 
city of  water  (for  dissolving  carbonic  acid) 
been  applied? 

A.  Effervescing  draughts  are  made  upon 
this  principle. 

804. 

Q.  Explain  the  cause  of  effervescence  in 
these  beverages  ? 

A.  The  carbonic  acid  of  the  beverage 
(being  prevented  by  the  cork  from  escaping) 
is  forced  into  the  liquor  by  pressure,  and  oft- 
sorbed  by  it;  but  when  the  cork  (or  pres- 
sure) is  removed,  some  of  the  carbonic  acid 
flies  off  in  bubbles  or  effervescence. 
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805. 

Q.  Why  does  aerated  water  effervesce 
when  the  cork  is  removed  ? 

A.  While  the  bottle  remains  corked,  car- 
lionic  acid  is  forced  into  the  water  by  pres- 
sure, and  absorbed  by  it;  but,  when  the 
cork  [or  pressure)  is  removed,  some  of  the 
i^rbonic  acid  flies  off  in  effervescence. 

806. 

Q.  Why  does  soda  water  effervesce  1 
A.  In  soda  water  there  is  forced  eight 
times  its  own  bulk  of  carbonic  acid  gas, 
which  makes  its  escape  in  effervescence,  aa 
soon  as  the  cork  is  removed. 

S07. 

Q.  Why  does  ginger  pop  fly  about  in  froth, 
when  the  string  of  the  cork  is  cut  1 

A.  Because  it  contains  carbonic  acid  gas. 
While  the  cork  is  fast,  the  carbonic  acid  is 

f&rced  into  the  liquor ;  but  when  the  pressure 
is  removed  the  gas  is  given  off  in  effervescence. 


.  Why  does  bottled  ale  froth  more  than 
tght  ale  ? 
A.  Because  the  pressure  is  greater  in  a 
^lie  than   in  a  tub  which  is   continually 
19 


1 
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tapped  ;    and   effervescence   is  always  in- 
creased by  pressure. 

809. 

Q.  What  produces  the  froth  of  bottled 
porter  ? 

A.  Carbonic  add  generated  by  the  vinous 
fermentation  of  the  porter :  This  gas  is  fl6- 
sorbed  by  the  liquor,  so  long  as  the  bottle  is 
well  corked  ;  but  is  given  off  in  froth,  when 
the  pressure  of  the  cork  is  removed. 

810. 

Q.  What  gives  the  pleasant  add  taste  to 
soda  water,  ginger  beer,  champagne,  and 
cider  ? 

A.  The  presence  of  carbonic  acid,  gene- 
i^ated  by  fermentation;  and  liberated  by 
effervescence,  when  the  pressure  of  the  cork 
is  removed. 

Q.  Wh  y  does  the  effervescence  of  soda  wa- 
fer and  ginger  beer  so  soon  go  off? 

A.  Because  the  carbonic  acid  (which  pro- 
duced the  efferv^escence)  veiy  rapidly  es- 
capes into  the  air. 

812. 

Q.  Why  does  the  cork  of  a  champagne 
bottle  fly  off  the  instant  it  has  been  loosened 
from  the  neck  of  the  bottle  ?   . 
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A.  Because  the  va»t  quantity  ot  carbon^ 
acid  gas  contained  in  the  liquor  can  no  longi 
be  confined ;  and,  seeking  to  escape,  drivi 
out  the  cork  with  great  violence. 

G13. 

Q.  Wlien  the  cork  of  a  cha7npogne  or  soda 
toater  bottle  is  drawn,  why  is  a  loud  report 
made? 

A.  Because  champ.i(,^ne  and  soda  water 
both  contain  a  great  amount  of  corlioriic  acid 
gas  ;  which,  being  suddenly  liberated,  strikea_ 
against  the  air,  and  produces  the  report. 

314. 

Q.  Why  docs  hartshorn  take  out  the  red" 
spot  in  cloth,  produced  by  any  add  ? 

A.  Because  hartshorn  is  an  alkali;  and 
the  peculiar  property  of  every  alkali  is  to 
neub^lize  acids. 


.  The  converse  of  an  add  ;  as  bJlter 
ttic  converse  of  sweet,  or  insipid  the  convei 
of  pungent. 


] 
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SfiCTlON  n. CASBURETTED  RTDROGEN.      ^^^^| 
816  ^H 

Q,  What  is  marsh-gas  or  fire-damp?  I 

I 


Q,  What  is  marsh-gas  or  fire-damp? 

A.  Carburetted  hi/drogen  gas  accumulated 
on  marshes,  in  sta^ant  waters,  and  coal- 
pits; it  is  frequently  called  "inflammable 


817. 

Q.  What  is  carburetted  hydrogen 
A.  Carbon  combined  with  hydrogen. 


las  be 

torn  of 
gas  (as 
1  glass  J 

A    froTTl    ' 


SIS. 

Q.  How  may  carburetted  hydrogen  gas  be 

i  procured  on  marshes  ? 
A.  By  stirring  the  mud  at  the  bottom  of 
any  stagnant  pool,  and  collecting  the  gas  (as 
it  escapes  upwards)  in  an  inverted 
Ve     ' 
CO 
ca 


819. 

Q.  What  is  cod  gas  ? 
A.  Carburetted  hydrogen  extracted  from 
Ecoals  by  the  heat  of  fire. 

830. 

Why   is   carburetted    hydrogen  gas 
.vailed  fire-damp  or  inflammable  air  ?  I 

A.  Because  it  very  readily  catches  fire  and 
■txplodef,  when  a  light  is  introduced  to  it, 

FroTided  aLmotpbiric  air  bfl  proimt. 
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821. 

Q.  Why  is  carburetted  hydrogen  gas  fre- 
quently called  marsh-gas? 

A.  Because  it  is  generated  in  meadows  and 
marshes  from  putrefying  vegetable  sub- 
stances. 

See  ignis  fatuas. 
822. 

Q.  Wliat  gas  is  evolved  by  the  wick  of 
a  burning  candle  ? 

A.  Carburetted  hydrogen  gas :  The  carbon 
and  hydrogen  of  the  tallow  combine  into  a  gas 
from  the  heat  of  the  flame  ;  and  this  gas  is 
called  carburetted  hydrogen  or  inflammable 
air. 

823. 

Q.  Why  do  coal-mines  so  frequently  ex 
plode  ? 

A.  Because  the  carburetted  hydrogen  gas 
(which  is  generated  in  these  mines  by  the 
coals)  explodes,  when  a  light  is  incautiously 
introduced. 

82^. 

Q.  How  can  miners  see  in  the  coal-pits  if 
tbey  may  never  introduce  a  light  ? 

A.  Sir  Humphrey  Davy  invented  a  lan- 
tern for  the  use  of  miners,  called  "  the  Safety 
Lamp,''  which  may  be  used  without  danger. 

19* 


823. 

Q.  Who  was  Sir  Humphrey  Davy  ? 
A.  A  very  mgeniaus  chemist,  born  in 
ICornwall,  1778,  and  died  in  1829. 

826. 

Q.  Whui  ]imd  o^  thing  IB  the  safety  lamp? 
A.  A  kind  of  lantern,  covered  with  a  fine 
P  gauze  wire,  instead  of  glass  or  horn. 

S27. 

Q.  How  does  this  fine  gauze  wire  prevent 
an  explosion  in  the  coal-mine  ? 

A.  By  preventing  the  flame  of  the  lamp 
from  commmiioating  with  the  inflammable 
gas  of  the  mine. 


Q.  Why  will  not  Jlame  pass  througli  -very 
'  fine  wire  gauze  ? 

A.  Because  the  metal  wire  is  a  very  ra~ 
pid  conductor  of  heat  ;  and  when  the  flame 
(of  gas  burning  in  the  lamp)  reaches  the 
wire  gauze,  eo  much  heat  is  conducted  away 
hy  the  wire,  that  the  flame  is  extinguished. 

829. 

Q.  Does  the  gas  of  the  coal-pit  get  through 
(he  wire  gauze  into  the  lantern  ? 

A.  Yes;  and  the  inflammable  gas  ignites, 
and  bums  inside  the  lamp  :  As  soon  as  this 
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is  the  case,  the  miner  is  in  danger,  and  should 
withdraw. 


Q.  Why  is  the  miner  in  danger  if  the  gas 
ignites  and  bums  in  the  imiile  of  the  safety 
liimp? 

A.  Because  the  heat  of  the  huming  gas 
will  soon  destroy  the  wire  gauze  ;  and  then 
the  flame  (being  free)  will  set  fire  to  the 
mine. 

N.  R.  Wlienlhea 


^feml 


'.   v.— PHOSPHORUS  AND  PHOSPHTJ 
RETTED  HYDROr.EN. 

SECTION    I, PHOSPHOBtrS. 

831. 
What  is  phosphorus  ? 
A  pale  amber-colored  substance, 
hiing  was  in  appearance,     The  word  is 
derived  from  two  Greek  words  which  mean 
"to  produce  or  carry  light,"  90;  ftput  [phoa- 
pherein.] 

Q.  How  is  phosphorus  obtained  ? 
A.  By  heating  bones  to  a  white  heat; 
by  which  means,  the  animal  matter  and 
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charcoal  are  consumed  and  a  substance  called 
^^ phosphate  of  lime/'  is  left  behind. 

833. 

Q.  What  is  the  phosphate  of  Ime  ? 

A.  Phosphorus  united  to  oxygen  and 
lime ;  when  sulphuric  acid  is  added,  and  the 
mixture  heated,  the  lime  is  attracted  to  the 
acid,  and  pure  phosphorus  remains. 

If  powdered  charcoal  be  added,  phosphorus  may  be  procured  by  dii- 
t  illation. 

834. 

Q.  When,  and  by  whom  was  phosphorus 
discovered  ? 

A.  This  element  was  discovered  in  1669, 
by  Brandt  of.  Hamburg, 

835. 

Q.  Is  phosphorus  inflammable  ? 

A.  It  is  so  exceedingly  inflammable  it 
sometimes  takes  fire  by  the  heat  of  the  hand; 
it  therefore  requires  great  care  in  its  ma- 
nagement as  a  blow  or  hard  rub  will  very 
often  kindle  it. 

836 

Q.  Of  what  is  the  ignitable  part  of  Lu- 
cifer matches  made  ? 

A.  Of  phosphorus ;  above  two  hundred 
and  fifty  thousand  pounds  are  used  every 
year  in  London  alone,  merely  for  the  manu- 
facture of  Lucifer  matches. 


Q.  Why  will  Lucifer  matches  ignite  by 
merely  drawing  them  across  any  rough 
surface  ? 

A.  Because  they  are  made  of  phosphorus, 
which  has  an  afimity  to  oxygen  at  the  low- 
est temperature ;  insomuch  that,  the  little 
additional  heat,  caused  by  the  friction  of 
the  match  across  the  bottom  of  the  lucifer- 
box,  is  sufficient  to  ignite  it ;  aud  at  the 
same  time  to  ignite  the  sulphur  with  which 
the  match  is  tipped. 


Q.  What  peculiar  property  has  phospho- 
rus? 

A  It  is  luminous  in  the  dark  ;  and  even 
in  day-light  appears  to  be  surrounded  by 
a  ligfit  cloud. 

839 

Q.  Why  are  putrefying  fish  luminous  ? 

A.  Because  the  carbon  of  the  fish,  unit- 
ing with  oxygen,  forms  carbonic  acid ;  and 
the  phosphoric  add  of  the  fish  (being  thus 
deprived  of  oxygen)  is  converted  into  plios- 
phorus :  as  soon  as  this  is  the  case,  the 
phosphorus  begins  to  unite  with  the  oxygen 
of  the  air,  and  becomes  luminous. 

C<rt»rie  ndd  «  ■  cumpnuml  of  auhoa  ani  oiygco. 

not^Drio  acid  Lt  a  compound  of  pbotphotat  (ud  oK^gBD-    If  you  MJu 
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the  oxygen  away  from  phoephoric  acid,  the  residue,  of  course,  is  (Aoqilto 
rus. 

The  luminnnsness  (poken  of,  is  due  to  the  slmo  combustion  of  the  phoa 
phoru«,  while  it  is  uniting  with  the  oxygen  of  ilie  air. 

840 

Q.  Why  is  the  sea  often  luminous  in  sum- 
mer time  ? 

A.  Because  the  small  jelly  fish  decay  •, 
the  phosphoric  acid  which  they  contain 
(being  deprived  of  oxygen)  is  converted 
into  phosphorus,  unites  with  the  oxygen  of 
the  air,  and  becomes  luminous. 


SECTION    II. PHOSPHURETTED    HYDROGEN. 

841. 

Q.  From  what  do  the  very  offensive  efflu- 
via  of  church-yards  arise  ? 

A.  From  a  gas  called  phosphuretted  hydro- 
gen,  which  is  phosphorus  combined  with 
hydrogen  gas, 

€4:2. 

Q.  Why  does  a  putrefying  dead  body 
smell  so  offensively  ? 

A.  Because  phosphuretted  hydrogen  gas^ 
always  rises  from  putrefying  animal  sub- 
stances. 

flie  escape  of  ammonia  and  sulphuretted  hydrogen  contributes  also  to 
ILis  offensive  smell. 

843. 

Q.  What  is  the  cause  of  the  ignis  fatuus^ 
Jack-o'Lantern,  or  Will-o'-the-wisp  ? 


Piiosraor.us. 

This   luminous   ivppearance    (which 

nta  meadows,  bogs,  and  marshes,)  arises 

■  fVom  the  gas  of  putrefying  animal  and  veg&- 
tabk  substances;  especially   from   decaying 

fish. 

S44. 

Q.  Wliat  gases  arise  from  these  putrefy- 
ing substances  ? 

A.  Phospkuretted  hydrogen,  from  putrefy- 
ing animd  substiinces ;  and 

Carhureiled  hydrogen,  from  decaying  vege- 
tahle  matters. 

8«S. 

Q.  How  is  the  gas  of  igiiis-fatuus  ignited 
on  bogs  and  meadows  ? 

A.  Impure  phosphurettetl  hydrogen 
bursts  spontaneously  into  flame,  whenever 
it  mixes  with  air  or  pure  oxygen  gas. 

nm  [Ampliurfltel  hydnften  will  Ml  ignilo  sniiiiWiKnusly— iViii  spni 


iitl.rr  walnr,  bubblM 


m/ (™  r^'iug Ti'^tlir; 


646. 

Q.  ^Vhy  does  an  iguis-fatuus,  or  Will- 
o'-the-wisp,  Jly  from  us  when  we  run  to 
meet  it. 

A.  Because  we  produce  a  current  of  air 
'  k-front  of  ourselves,  (when  we  run  totvord 
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the  ignis-fatuus)  wliich  drives  the  light  gaa 

'bnvard. 

847. 

Q.  Why  does  an  ignis-fatuus  ran   after 

,  when  we  flee  from  it  ? 

A.  Becauee  we  produce  a  ciurent  of  air 
in  the  way  we  ran,  which  attracts  the  light 
gaa  in  the  same  course  ;  drawing  it  after  us 

we  run  away  from  it. 

84?. 

Q.  May  not  many  ghost  stories  have 
arisen  from  some  ignis-fatuus,  lurking  about 
church-yards  ? 

A,  Perhaps  all  the  ghost  stories  (which 
deserve  any  credit  at  all,)  have  arisen  from 
the  ignited  gas  of  church-yards,  lurking 
about  tombs ;  to  which  feen-  baa  added  ite 

n  creations. 


CHAP.  VI.— COMBUSTION. 

849. 

Q.  How  is  heat  evolved  by  combustion  ? 

A.  By  chemical  action.  As  latent  heat  ia 
liberated,  when  water  is  poured  upon  lime, 
by  chemical  action,  so  latent  heat  is  liber- 
ated in  comhvstion,  by  chemical  action  also. 
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8S0. 

Q.  What  chemical  action  takes  place  in 
combustion  ? 

A.  Th.%  elements  of  the  fuel  combine  with 
I  he  oxygen  of  the  air. 

851. 

Q.  What  three  elements  are  necessary  to 
produce  combustion  ? 

A.  Hydrogen  gas,  carbon,  and  oxygen 
gas  ;  The  two  former  in  the  fuel ;  and  the 
last  in  the  air  which  surrounds  the  fiiel. 

852. 

Q.  What  are  the  elements  of  fuel  ? 

A.  As  bread  is  a  compound  of  flour,  yeast 
and  salt ;  so  fuel  is  a  compound  of  hydro- 
gen and  carbon. 

833. 

Q.  What  causes  the  combustion  of  the 
fuel  ? 

A.  The  hydrogen  gas  of  the  fuel  (being 
Bet  free,  and  excited  by  a  match)  unites  with 
the  oxygen  of  the  air,  and  makes  a  yelloiv 
flame ;  this  flame  heats  the  carbon  of  the 
fuel,  which  (also  uniting  with  the  oxygen 
of  the  air)  produces  carbonic  acid  gas, 

854. 

Q.  What  is  fire? 

A.  ffeat  and  lighi,  produced  by  the  com- 
bastion  of  inflammable  substances. 
21) 
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855. 

Q .  Why  does  fire  produce  heat  ? 
A.  Because  it  liberates  lalent  heat 
the  air  and  fuel. 

836. 

Q.  What  chemical  changes  in  air  and  fuel 
are  produced  by  combustion  ? 

A,  Ist. — Some  of  the  oxygen  of  the  air 
combining  with  the  hydrogen  of  the  fliel, 
condenses  into  water  ;  and 

2nd. — Some  of  the  oxygen  of  the  air, 
combining  with  the  carbon  of  the  fuel,  forms 
carbonic  add  gas. 

857. 

Q.  Why  is  a  fire,  after  it  has  been  long 

burning,  red  kot  ? 

A.  Because  the  whole  surface  of  the  fuel 
is  so  thoroughly  heated,  that  every  part  of 
it  is  undergoing  a  rapid  union  with  the  oxy- 
.  gen  of  the  air. 

Q58. 

Q.  In  a  blazing  fire,  why  is  the  upper  biuv 
'  face  of  the  coal  Uack,  and  the  lower  sur&yoe 
I  red? 

A.  Because  carbon  (being  solid)  requires 
a  great  degree  of  heat  to  make  it  unite  with 
the  oxygen  of  the  air.  In  consequence  of 
which,  the  hot  under  surface  of  coal  is 
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qdtutly  >'eJ,  from  its  union  with  oxygen, 
while  the  cold  upper  surface  remains  black. 

859. 

Q.  Which  burns  the  more  quickly,  a 
blazing  fire  or  a  red  hot  one  ? 

A.  Fuel  bums  quickest  in  a  blazing  fire 

860, 

Q.  Why  does  blazing'  coal  bum  i 
quickly  than  red  hot  coal  ? 

A.  Because  the  inflammable  gases  of  thifl 
fuel  (which  are  then  escaping)  greatly  i 
siate  the  process  of  combustion, 

861. 

Q.  Why  do  the  coala  uf  a  dear  bright  fire 
bum  out  more  slowly  than  blazing  coals  ? 

A.  Because  most  of  the  injiammable  gases 
and  much  of  the  solid  fuel  have  been  con- 
sumed already,  bo  that  there  is  less  food  foL 
combustion. 

862. 

Q.  What  is  smoke  ? 

A.  Unconaumed  parts  of  fuel  (principally 
oarbou)  separated  from  the  solid  mass,  and 
carried  up  the  chimney  by  currents  of  1 
air. 

863. 

Q.  Why  is  there  more  smoke  when  freslf 
fuel  ia  added  than  when  the  fuel  is  rod  hot' 
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A.  Because  carbon  (being  solid)  requirefe 
a  great  degree  of  heat  to  make  it  unite  with 
oxygen,  (or,  in  other  words,  to  bring  it  into 
a  state  of  perfect  combustion)  when  fuel  is 
fresh  laid  on,  more  carbon  is  separated  than 
can  be  reduced  to  combustion,^  and  the  surplus 
flies  oflF  in  smoke. 

864. 

Q.  Why  is  there  so  little  smoke  with  a  red 
hot  fire? 

A.  Because  the  entire  surface  of  the  fuel 
is  in  a  state  of  combustion  ;  and,  as  very  little 
carbon  remains  unconsumed,  there  is  but 
little  smoke. 

865. 

Q.  Why  are  there  bright  and  dark  spots  in 
a  dear  cinder  fire  ? 

A.  Because  the  intensity  of  the  combus- 
tion is  greater  in  some  parts  of  the  fire  than 

it  is  in  others. 

866. 

Q.  Why  is  the  intensity  of  the  combus- 
tion so  unequal  ? 

A.  Because  the  air  flies  to  the  fire  in 
various  and  unequal  currents. 

867. 

Q.  Why  do  we  see  all  sorts  of  grotesque 
figures  in  hot  cods  ? 
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A.  Because  the  intensity  of  combustion  ( 
unF.qual  (owing  to  the  gusty  manner  in  whic^ 
the  air  flies  to  the  fuel ;)  and  the  various 
Bhades  of  yellow,  red,  and  white  heat 
(raingUng  with  the  black  of  the  uubumt 
coal,)  produce  strange  and  fanciful  reseinJ 
hlances. 

Bes, 

Q.  Why  does  paper  hum  more  readiljl 
than  wood  ? 

A.  Because  it  ia  of  a  more  fra^h  textwej^ 
and,  therefore,  its  component  parts  are  raon 
easily  heated. 

869. 

Q.  Why  does  wood  6um  more  leadilytl 


A.  Because  it  is  not  so  solid;  and,  there 
fore,  its  elemental  parts  are    more   easily 
separated  and  made  hot. 

870, 

Q.  When  a  coal^re  is  lighted,  why  is  p(v- 
per  laid  at  the  bottom  against  the  grate  ? 

A.  Because  paper  (in  consequence  of  ite 
fra^e  texture)  vety  readily  catches  fire. 

871. 

Q.  Why  is  wood  laid  on  the  top  of  i\ 
paper? 

A.  Because  wood  (being  more  sahitanltd) 
20* 
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I  burns  longer  than  paper;  and,  therefore 
I  affords  a  longer  contact  of  jlame  to  heat  the 
[  coal. 

872. 

Q.  Why  would  not  paper  do  without  wood? 

A.  Because  paper  bums  out  so  rapidly, 
that  it  would  not  afford  sufficient  coTifact  of 
fame  to  heat  the  coal  to  combustion. 

873. 

Q.  Why  will  not  wood  kindle  without 
shavings,  straw,  or  paper  ? 

A.  Because  wood  is  too  substantial  to  be 
heated  into  combustion  by  the  feeble  flame 
i-ssuing  from  a  match. 

874. 

Q.  Why  would  not  paper  do  as  well  if 
L  placed  on  the  top  of  the  wood  ? 

A.  Because  the  blaze  tends  upwards ;  if 
therefore,  the  paper  were  placed  on  the  top, 
I  its  blaze  would  afford  no  contact  of  flame  to 
I  the  fuel  lying  below, 

875. 

Q.  Why  should  cod  be  placed  (Aaoe  the 
wood? 

A.  Because  otherwise,  the  flame  of  the 
fuel  would  not  rise  through  the  coal  to  heat  it. 

876. 

Why  is  a  fire  kindled  at  the  lowest  bai 
Y  of  the  grate  1 


A.  That  the  flame  may  ascend  through 
the  fuel  to  heat  it.     If  the  fire  were  kindlet" 
from  the  top,  the  flame  would  not  come  i 
contact  with  the  fuel  placed  below. 

877. 

Q.  Why  will  cinders  become  red  hot  mod 
quickly  than  cod  ? 

A.  Because  they  are  sooner  reduced  to  A 
state  of  combustion,  aa  they  are  more  porous 
and  less  solid. 

878 

Q.  Why  are  cinders  lighter  than  coal  ? 

A.  Because  they  are  full  of  little  holea^ 
from  which  vapor,  gases,  and  other  volatile 
parts,  have   been  driven  ofi"  by  previous 
comhuation. 

879. 

Q.  Why  will  not  wet  kindling  light  a  fire? 

A.  1st. — Because  the  moisture  of  the  wet 
kindling  prevents  the  oxygen  of  the  air  from 
getting  to  the  fuel ;  and 

2nd. — The  heat  of  the  fire  is  perpetually 
draum  off  by  the  conversion  of  water  into 
steam. 


Q.  Why  does  dry  wood  bum  better  than 
green? 
»■  A,  1st. — Because  none  of  its  heat  is  car- 


Tied  away  by  the  conversion  of  water  into 
itecm  ;  and 

2nd. — The  pores  of  dry  wood  (being  fill- 
ed with  air)  supply  the  fire  with  oxygen. 

881. 

Q.  Why  do  two  pieces  of  wood  bum  bet- 
ter than  one ? 

A.  1st. — Because  they  help  to  entangle 
the  heat  of  the  passing  smoke,  and  throw  it  on 
the  fuel;  and 

2nd. — The  air,  impinging  against  the 
pieces  of  wood,  is  thrown  upon  the  fire  in  a 
kind  of  eddy  or  draught. 

882. 

Why  will  not  wood  or  paper  hum  if 

steeped  in  a  solution  o?  potash,  phosphate  of 
lime,  or  ammonia  (hartshorn  ?) 

A.  Because  any  "alkali"  (such  as  potash) 
will  arrest  the  hydrogen  which  escapes  from 
the  fuel,  and  prevent  its  combination  with  the 
oxygen  of  air. 

883. 

Q.  Why  does  a  jet  of  Jlame  Bometimes 
burst  into  the  room  throtigh  the  bars  of  a 
stove? 

A.  Because  the  iron  bars  conduct  heat  to 
the  interior  of  the  cod,  and  its  volatile  gaa 
(bursting  through   the    weakest    part) 


kindled  by  the  glowing  coals  over  which  I 
passes. 

884. 

Q.  Why  is  this  jel  sometimea  of  a  greenili 
tjelltno  color  ? 

A.  Either  because  some  lumps  of  coal  lie 
wer  the  hot  bars ;  or  else  the  coal  below  is 
not  red  hot ;  'm  consequence  of  which,  some 
of  the  gaa  escapes  unhurnt,  and  is  of  a  greei^ 
ish  color. 

885, 

Q.  Why  does  the  gas  escape  urtburnt  ? 
A.  Because  neither  the  bars  nor  the  cod 
over  which  it  passes  are  red  hot. 

686. 

Q.  Why  does  a  bluish  flame  sometini 
flicker  on  the  surface  of  hot  cinders  ? 

A.  Because  the  gas  from  the  hot  coal  at 
the  bottom  of  the  grate,  mixing  with  the  car- 
bon of  the  coal  above,  produces  an  inflamma- 
ble gaa  (called  carbonic  oxide)  which  burns 
with  a  blue  flame. 


Q.  Wliy  is  the  light  of  a  fire  more  intense 
sometimes  than  it  is  at  others  ? 

A.  The  intensity  of  fire-light  depends 
upon  the  whiteness  to  which  the  carbon  is 
reduced  by  combustion.    If  carbon  be  white- 


I         ne 
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lo^  its  combustion  is  perfect,  and  (lie  light  in- 
tense ;    if  not  the   fight  is  obsciu-ed  by 

wke. 

888. 

Q.  Why  will  not  cinders  blase  ae  well  as 
fresh  coal? 

A.  The  flame  of  coal  is  made  chiefly 
by  hydrogen  gas.  As  soon  as  this  gas  has 
been  consumed,  the  hot  cinders  produce 
only  a  gas,  called  carbonic  acid,  which  is 
neither  luminous  nor  Tisible 


Q.  Where  does  the  hydrogen  gas  of  a  fire 
me  from  ? 

A,  All  fuel  is  compfwed  of  carbon  and  hy- 
drogen gas,  which  are  separated  from  eacJi 
other  by  the  process  of  combustion. 


Q.  Why  does  not  ajire  blaze  ou  a  frosty 
ight,   so  long  as  it  does  upon    another 

right? 

A.  1st. — Because  air  condensed  by  the 
lold  contains  more  oxygen  than  the  same 
iguantity  of  warmer  air ;  and 

2nd. — Air  condensed  by  the  cold  is  Aca- 

'  tier;  in  consequence  of  which,  it  falls  more 

quickly  on  the  fire  to  supply  the  place  of 

the  hot  ascending  air. 
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891. 

Q.  Why  does  a  fire  bum  de<n-esl  ou  a 
frosti/  night. 

A.  Because  the  volatile  gases  are  more 
quickly  consumed  ;  and  the  solid  carbon  ia 
plentifidli/  supplied  with  oxi/gen  from  the  air 
to  make  it  bum  brightly  and  intensely. 

S92. 

Q,  Why  does  a  fire  bum  more  intensely 
in  winter  than  in  summer  ? 

A.  Because  the  air  ia  cdder  in  winter 
than  it  is  in  aummer. 

893. 

Q.  Why  does  the  coldness  of  the  air  in- 
crease the  heat  of  a  fire. 

A.  1st, — Because  air  condensed  by  the 
cold  supplies  more  oxys,en  than  a  similar 
volume  of  warmer  air  j  and 

2nd. — Condensed  air  being  keaoy,  falls 
more  rapidly  into  the  place  of  the  hot  as- 
cending air,  to  supply  the  fire  with  nourish- 
ment. 

S94, 

Q.  Ashes  or  cinders  are  put  oyer  the  fire 
at  night  to  prevent  its  burning  away.  Can 
you  tell  the  reason  for  thus  covering  the 
Bre? 

A.  The  ashes  or  cinders  prevent  the  oxy- 


140  COMBUSTION. 

tgen  of  the  air  from  gaming  free  access  to 
the  fire  ;  and  as  fire  will  not  bum  without 

a  supply  of  oxygen  it  keeps  alive  for  seve- 
ral hours  without  betTig  wasted. 

895. 

Q.  Why  does  the  sun  shining  on  a  jire 
make  it  dull  and  often  put  it  out  ? 

A.  let. — Because  the  air  (being  rarefied 
'by  the  sunshine)  Jlows  more  slowly  to  the 
\jire  ;  and 

2nd. — Even  that  which  reaches  the  fire 
affords  less  nourishment. 


E96. 

Q.  Why  does  the  air  flow  to  the  fire 
'  more  tardily  for  being  rarefied? 

A.  Because  the  greater  the  contrast  be- 
tween the  external  air,  and  that  which  has 
been  heated  by  the  fire,  the  more  rapid  will 
be  the  current  of  air  toward  that  fire. 

897 

Q.  Why  does  rarefied  air  afford  less 
I  nourishment  to  fire  than  cold  air  ? 

A.  Because  rarefied  air  contains  less  oxy~ 
gen,  than  the  same  quantity  of  condensed 


Q.  Wliy  does  afire  bum  i 


1  more  fiercely! 
the  open  air  ? 

A.  1  St. — ^Because  the  air  out  of  doors  H 
more  df-nse,  than  the  air  in  doors ;  and 

2nd. — ^It  has  freer  access  to  the  fire. 


Q.  Why  is  the  air  out  of  doors  moi 
dense  than  that  in  doors  ? 

A.  Because  it  has  freer  circulation ;  and, 
as  eoon  as  any  portion  has  been  rarefied,  it 
instantly  escapes,  and  is  supplied  by  colder 
ettrrenis. 

900.  _ 

Q.  Why  does  not  a /re  bum  so  fiercely  i 
n  thaw  as  in  a  frost  ? 

A.  Because  the  air  is  laden  with  vapci 
in  consequence  of  which,  it  both  moves  ton 
shwlt/,  and  is  too  much  rarefied,  to  nourish 
the  fire. 

901. 

Q.  ^Vhy  does  a  fire  bum  so  fiercely  : 
windy  weather  ? 

A-  Because  the  air  is  rapidly  changed,  ai^ 
udbrds  plentiful  nourishment  to  the  fire. 

902. 

Q.  Why  does  a  pair  of  belloios  get  a  f 
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A.  Because  it  drives  the  air  more  rapidly 
to  the  fire;  and  the  plentiful  supply  of 
oxygen  soon  makes  the  fire  bum  intensely. 

9C3.  ' 

Q.  What  gas  is  generated  in  a  common 
fire  by  combustion  ? 

A.  Carbonic  acid  gas,  formed  by  the  imion 
of  the  carbon  of  the  fuel  with  the  oxygen 
of  the  air. 

904. 

Q.  What  is  carbonic  add  gas  ? 

A.  Only  carbon  (or  charcoal)  combined 
with  oxygen  gas. 

905. 

Q.  If  a  piece  of  paper  be  laid  flat  on  a 
clear  fire,  it  will  not  blaze,  but  char.  Why 
so? 

A.  Because  the  carbon  of  a  clear  fire,  be- 
ing sufficiently  hot  to  unite  with  the  oxy- 
gen of  the  air,  produces  carbonic  acid  gas, 
which  soon  envelopes  the  paper  laid  flat 
upon  the  cinders;  but  carbonic  acid  gas  will 
x\ot  blaze, 

906 

Q.  If  you  blow  the  paper,  it  will  hlaze 
immediately.     Why  so  ? 

A.  Because  by  blowing  or  opening  a  door 
suddenly,  the  carbonic  add  is  dissipated ^  and 
the  paper  fanned  into  flame. 
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,  Wh-y  does  io(^er  extinguish  a  fire  ? 
1st. — Because  the  water  forms  a  coat- 
/Tig'over  the  fuel,  which  keeps  it  from  the 
air;  and 

2nd. — The  conversion  o?  water  into  stem 
draws  oflF  the  heat  of  the  burning  fuel. 
9oa. 

Q.  A  little  water  makes  a  fire  fiercer,  whil~ 
a  larger  quantity  of  water  puts  it  out.     Ex- 
plain how  this  is  ? 

A.  Water  is  composed  of  oxygen  and  ht/- 
•frogen;  when,  therefore,  the  fire  can  decom- 
pose the  water  into  its  simple  elementa,  it 
serves  for  fuel  to  the  flame.  "" 

909 

Q.  How  can  water  serve  for  fuel  to  fire  ?" 

A.  Because    the   hydrogen  of  the  water 

bums  with  a  fiame  ;  and  the  oxygen  of  the 

water  increases  the  intensity  of  that  flame 

910. 

Q.  When  a  house  is  on  fire,  ie  too  littU 
woter  worse  than  none? 

A.  Certainly.  Unless  water  be  supplied 
eo  plentifully  as  to  quench  the  fire,  it  will  in- 
j  its  intensity,  lilte  fuel. 


Q.  Why  will  water  extinguish  fire  ? 
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A.  When  the  supply  is  so  rapid  ■  and 
abundant,  that  the  fire  cannot  decompose  it. 

912. 

Q.  Does  not  a  very  little  water  slackcn'.hB 
lieat  of  fire  ? 

A.  Yes,  till  it  (the  water)  ia  decomposed ; 
it  then  increases  the  intensity/  of  fire,  and 
acts  like  fuel. 

913. 

Q.  Cannot  wood  be  made  to  blaze  with- 
out actual  contact  with  fire  ? 

A.  Yes  ;  if  a  piece  of  wood  be  held  near 
the  fire  for  a  little  time,  it  will  blaze,  even 
though  it  does  not  touch  the  fire, 

914. 

Q.  Why  will  wood  blaze,  even  if  it  does 
not  touch  the  fire  ? 

A.  Because  the  heat  of  the  fire  drives  out 
the  hydrogen  gas  of  the  wood  ;  which  gas  is 
inflamed  by  contact  with  the  red  hot  coals. 

915. 

Q.  Why  will  a  neighbor's  house  sometimes 
catch  fire,  though  no  flame  of  the  burning 
house  ever  touches  it  ? 

A.  Because  the  heat  of  the  burning  house 
seta  at  liberty  the  hydrogen  gas  of  the  wood- 
work of  the  neighbor's  house  ;  and  thia 
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ifl  ienited  by  the  flames  or  red  hot  bricks 

K house  on  fire. 
i 


916. 

On  what  does  the  intensity  of  fire  d 


A.  The  intensity  of  fire  is  always  in  pro- 
portion to  the  quantity  of  oxygen  with  whicli 
it  is  supplied, 

917. 

Q.  Why  is  a  dnll  fire  revived  by  sweephj 
clean  the  hearth,  bars  of  the  grate,  %t^ 
irons,  etc. 

A.  Because  the  air,  which  was  arresl 
by  the  loose  dust  and  cinders,  finds  its  ^ 
freely  to  the  fire,  as  soon  as  these  obstacles 
^re  swept  away. 


epii^^l 

^3t«^^| 

taclea 

HbrlglilneK  oTi  fini  depsiiiJi  nn  IB  mpplr  of  oiTgcn  derived  Aw^^^^J 
916.  ^^H 

i  Why  does  stirring  a  dull  fire  serve  I^^^H 
ken  it?  ^^^ 

A.  Because  it  breaks  up  the  clotted  cin-         1 
dors  and  coals,  making  a  passage  for  the  air 
into  the  very  heart  of  the  fire. 

919. 

Q.  Why  will  powdered  sulphur  qiimck  _, 
more  readily  than  water? 
I         A.  let. — liecause  powdered  sulphur.  1 

to      ■__ 
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a  very  strong  affinity  for  oxygen,  and  con- 
vertfl  it  into  sulphurous  acid  ;  as  this  is  the 
case,  the  fire  is  deprived  of  its  essential  food, 
(oxygen)  and  is,  in  fact,  starved  out;  and 

2nd. — Because  sulphurous  acid  throws  off 
dense  white  fumes,  and  surrounds  the  fire 
with  an  extinguishing  atmosphere. 


■1^¥^. 
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920. 

Q.  Why  do  lartifs  smoke  ? 

A,  Either  because  the  wick  is  cut  wn- 
le«CTi/^,  or  else,  hecause  it  is  raised  up  too 
I  high. 

921. 

Q.  Why  does  a  lamp  smoke  when  the  wick 

B  cut  unevenly  ? 

A.  1st. — Because  the  points  of  the  jagged 

^  edge  (being  very  easily  separated  from  the 

wick)  load  the  flame  with  more  carbon  than  it 

can  consvme  ;  and 

2nd. — As  the  heat  of  the  flame  is  greatly 
\  diminished  by  these  bits  of  wick,  it  is  unablo 
1  to  consume  even  the  usud  quantity  of  smoke. 

922. 

Q.  Why  does  a  lamp  smnke  when  the  leirk 
lis  turned  up  too  high  ? 
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A.  Because  more  carbon  ia  separated  frod 
prick  *han  can  be  consumed  bij  the  Jlame. ' 

923. 

,  Why  do  not  Argand  burners  smoke  t^ 
A,  Because  a  current  of  air  passes 
through  the  middle  of  the  Jlame  ;  in  conse- 
quence of  which,  the  carbon  of  the  interior 
is  consumed,  as  well  aa  that  in  the  outer  coc^i^ 
ing  of  the  fame. 

924. 

Q.  Why  does  a  l(mp  glass  diminish  th 
smoke  of  a  lamp  ? 

A.  1st. — Because  it   increasea  the  i 
ply  of  oxT/^cn  to  the  flame,  by  producing  j 
draught;  and 

2nd. — ^It  concentrates  and  reflects  the  heal 
of  tlie  flame  ;  in  consequence  of  which,  the 
combustion  of  the  carbon  is  more  perfect, 
and  very  little  escapes  unconsumed. 


Qh  What  causes  the  heat  off  re  ? 

A.  The  carbon  of  fuel  (when  heated)  com- 
IBks  with  the  oxygen  of  the  air,  and  pro- 
daces  carbonic  acidgas:  Again,  the  hydrogen 
of  the  fuel  combining  with  other  portions  op~ 
oxygen,  condenses  into  water;  by  whica 
lical  actions  heat  is  evolved. 
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926. 

Q.  Whence  does  the  ?ieat  of  a  dunghill 
arise  ? 

A.  As  the  straw y  etc.,  of  the  dunghill  de- 
cays, it  undergoes  fermentation y  which  pro- 
duces carbonic  add  gas  ;  and  heat  is  evolved 
by  a  species  of  combustion. 

SECTION  I. SPONTANEOUS  COMBUSTION. 

927. 

Q.  What  is  meant  by  spontaneous  combus" 
tion  ? 

A.  Combustion  produced  without  the  ap- 
plication of  flame. 

928. 

Q.  Give  me  an  example  of  spontaneous 
combustion  ? 

A.  Goods  packed  in  a  warehouse  will 
often  catch  fire  of  themselves ,  especially  such 
goods  as  cotton,  flax,  hemp,  rags,  etc. 

929. 

Q.  Why  do  such  goods  sometimes  catch 
fire  of  themselves? 

A.  Because  they  are  piled  together  in 
very  large  masses  in  a  damp  state  or  place. 

930. 

Q.  What  is  generally  the  cause  of  spoH'^ 
taneous  combustion  ? 
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A.  The  piled-np  goods  ferment  from  heat 
mxd  damp,  and  (during  fermentation)  car- 
bonic add  gas  is  formed,  which  ia  attendw 
with  combustion. 


Q.  Why  does  this  pTX)duce  spontaneous 
combustion  ? 

A.  The  damp  produces  decay,  or  the  de- 
composition of  the  goods ;  and  the  great 
heat  of  the  piled  up  mass  makes  the  decay- 
ing goods  ferment. 

932. 

Q.  How  does  this  fermentation  produce 
cOTJibvstion  ? 

A.  During  fermentation  carbonic  acid  gas 
in  given  off  by  the  goods, — a  slow  combus- 
tion ensues, — till  at  length  the  lohole  pile 
bursts  into^^ome. 

933. 

Q.  WTiy  is  the  heat  of  a  large  tnass 
goods  greater  than  that  of  a  smaller  quantity? 

A.  Because  the  carbonic  acid  cannot  es- 
cape through  the  massive  pile ;  and  the 
prorlucts  of  decomposition  being  confined, 
hasten  fiirther  changes. 


Q.    Why    do  hay-stacks  sometimes  catch 
fire  of  theinselves  ? 
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A.  Either  because  the  hay  was  put  up 
damp  ;  or  else,  because  rain  has  penetrated 
the  stack. 

935. 

Q.  Does  heat  always  produce  light? 

A.  No ;  the  heat  of  a  stack  of  hay,  or 
leeking  dunghill,  though  very  greats  is  not 
sufl&cient  to  produce  light. 

936. 

Q.  Why  will  a  haystack  catch  firCy  if  the 
hay  be  damp  ? 

A.  Because  damp  hay  soon  decays ^  and 
undergoes  a  state  of  fermentation ;  dining 
which  carbonic  acid  gas  is  given  off,  and  the 
stack  catches  fire. 

937 

Q.  Why  do  greasy  rags  sometimes  catch 

fire? 

A.  Because  they  very  readily  ferment^ 
and  (during  fermentation)  throw  off  exceed- 
ingly inflammable  gases. 

Lamp-black,  mixed  with  linseed  oil,  if  very  liable  to  Bpontaneooi  eom 
tiution. 


SECTION  II. — FLAME. 
938. 

Q.  What  is  flame  ? 

A,  The  rapid  combustion  of  volatile  matter  ? 
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939. 

Q    Why  is  the  flame  of  a  good  fire  yellow  ? 

K.  Because  both  the  hydrogen  and  car- 
bon of  the  fuel  are  in  a  state  of  perfect  com- 
btistion.  It  is  the  white  heat  of  the  carhoriy 
which  gives  the  pale  yellow  tinge  to  the 
flaming  hydrogen. 

940. 

Q.  Why  is  a  yellow  flame  brighter  than  a 
red  hot  cod  ? 

A.  Because  yellow  rays  produce  the 
greatest  amount  of  li^hty  though  red  rays 
produce  the  greatest  amount  of  heat. 

941 

Q.  Why  is  the  flame  of  a  candle  extinguish^ 
ed  when  blown  by  the  breath ;  and  not 
made  more  intense  like  a  fire  ? 

A.  Because  the  flame  of  a  candle  is  con- 
fined to  a  very  small  wick,  from  which  it  is 
severed  by  the  breath;  and  (being  unsup- 
ported) must  go  out. 

942. 

Q.  'Why  is  a  smouldering  wick  sometimes 
rekindled  by  blowing  it  ? 

A.  Because  air  is  carried  to  it  by  the 
breath  with  great  rapidity  y  and  the  oxygen 
of  the  air  kindles  the  red  hot  wick,  as  it 
would  kindle  charred  wood 


^^^52 
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943. 


Q.  Why  is  not  the  red  hot  wick  kindled 
by  the  air  around  it  without  blowing  7 

A.  Because  oxygen  is  not  supplied  witli 
Bufficient  freedom,  unless  air  be  blown  to  the 
',  wick. 

944, 

Q.  When  is  this  experiment  most  likely 
I  to  succeed  ? 

A,  In  frosty  weather;  because  the  air 
f  contains  more  oxygen,  when  it  is  condensed 
f  by  the  cold. 

945. 

Q.  Why  does  the  wick  of  a  candle  (when 
the  flame  has  been  blown  out)  very  readily 
catch  Jire  ? 

A.  Because  the  wick  is  already  hot,  and 
n  very  little  extra  heat  will  throw  it  into 
I  flame. 

946. 

Q.  Why  does  the  extra  heat  revive  the 
flame? 

A.  Because  it  again  liberates  the  hydro- 
I  gen  of  the  tallow,  and  ignites  it. 

947. 

3.  A  candle  burns  when  lighted  ;  explain 
how  this  is  ? 

A.  let. — The  heat  of  the  lighted  wick 
decomposes  the   tallow   into   its   elementary 


parte  of  carbon  and  hydrogen  ;  and  the  ky- 
drogen  of  tke  ftdlow,  combining  with  the 
oxygen  of  the  air,  produces  flame  ;  and 

2nd. — The  substance  in  the  wick,  having 
its  temperature  raised  by  the  application  of 
heat,  combines  with  the  oxygen  of  the  at- 
mosphere, and  this  combination  attended 
with  the  evolution  of  heat,  sustains  the  pro- 
cess of  combustion.  ~ 

948. 

Q.  Where  is  the  tallow  or  wax  of  a  cai 
die  decomposed  ? 

A.  In  the  vnck.  The  melted  tallow  or 
wax,  rises  up  the  wick  by  capillary  attrac- 
tion, and  is  rapidly  decomposed  by  the  heat 
of  the  Same. 


m 


Why  is  the  flame  of  a  candle  hot  1 
A.  Because  the  flame  Uberates  latent  h 
from  the  air  and  tallow 

950. 

Q.  How  is  latent  heat  liberated  by  t 
flame  of  a  candle  ? 

A.  When  the  elements  of  the  talla* 
combine  with  the  oxygen  of  the  air,  latent 
teat  IB  liberated  by  the  chemical  changes 
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L  951. 

■  Q.  Why  does  the  flame  of  a  candle  pro- 
Vance  light  ? 

V  A.  Because  the  chemical  changes  made 
■by  combustion,  excite  undulations  of  ether 
bwhich  striking  the  eye)  produce  light. 

■•  952. 

Y  Q>  Why  is  the  flame  of  a  candle  ydlow  1 
A.  It  is  not  entirely  so ;  only  the  otder 

coat  of  the  flame  is  yellow,  the  lower  part  is 
violet  ;  and  the  inside  of  the  flame  hollow. 

L  953. 

L  Q.  Describe  the  different  parts  of  the 
Klame  of  a  common  candle  ? 
K  A.  The  flame  consists  of  three  cones.  The 
Kinnermost  cone  is  hollow,  the  outside  cone 
Wis  yellow,  and  the  intermediate  one  is  of  a 
■pingy  pm-ple  hue. 

^  954. 

m  Q.  Why  ia  the  outside  of  the  flame  yd- 
Wkui? 

■  A.  Because  the  carbon  of  the  Idlow  (being 
^io   a  state   of  perfect  combustion)   is  made 

white-hot. 

9  DP. 

Q.  Why  ia  the  lower  part  of  the  flame 
purple? 

A.  Because  it  is  overladen  with  hydrogen, 


raised  from  the  tallow  by  the  burning  wick, 
and  this  gas  (which  bums  with  a  blue  fiame,) 
gives  the  dark  tinge  to  the  lower  part  of 
the  candle  flame. 

956. 

Q.  Why  is  the  inside  of  the  flame  hollow? 

A.  Because  it  is  filed  with  vapor,  raiged 
from  the  candle  by  the  heat  of  the  wick,  and 
not  yet  reduced  to  a  state  of  combustion. 

957. 

Q.  Why  is  the  intermediate  cone  of  a 
flame  purple  as  well  as  the  bottom  of  the 
flame? 

A.  Because  the  gases  are  not  in  a  state 

of  perfect  combustion  ;  but  contain  an  excess 
of  hydrogen,  which  gives  the  flame  apnrple 
tinge. 

958 

Q.  Why  is  not  the  middle  cone  in  a 
state  of  perfect  combustion,  as  well  as  the 
outer  one  ? 

A.  Because  the  outer  cone  prevents  the 
oxygen  of  the  az'rfrora  getting  to  the  middle 
of  the  flame,  and  without  the  free  access 
of  oxygen  gas,  there  is  no  such  thing  as 
complete  combustion. 

953. 

Q.  Why  does  ihs  flame  of  a  caudle  point 
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A.  Because  it  heats  the  surrounding  mr, 
iphich  (being  hot)  rapidly  ascends,  driving 
oe  flame  upwards  at  the  same  time. 

960. 

Q.  Why  is  the  Jlame  of  a  candle  pointed 
at  the  top  like  a  cone  ? 

A.  Because  the  upper  part  of  a  flame  ia 
more  volatile  than  the  lower;  and,  as  it 
affords  less  resistance  to  the  air,  is  reduced  to 
a  mere  point. 

gei. 

Q.  Why  are  the  lower  parts  of  a  flame 
less  volatile  than  the  vpper  ? 

A.  Because  they  are  laden  with  UTicon- 
sjtmed  gas  and  watery  vapor,  which  present 
considerable  resistance  to  the  air. 

962 

Q.  Why  is  the  flame  of  a  candle  Uovm 
f  by  a  pufi"  of  breath  ? 
A.  Because  it  is  severed  from  the  mck  and 
>eB  out  for  want  of  support. 

963. 

Q.  Why  does  the  flame  of  a  candle  make 
A  glass  (which  is  held  over  it)  damp  ? 

A.  Because  a  "watery  vapor"  is  made, 
jiy  the  combination  of  the  hydrogen  of  td- 
Bnw  with  the  oxygen  of  the  air ;  and  thifl 


"vapor"  ie  condensed  by  the  cdd  glass  he] 
above  the  flame. 


Q.  Why  does  the  hand,  held  afioue  a  c 
die,  suffer  more  from  heat,  than  when  i 
placed  below  the  flame,  or  on  oite  side  of  it. 

A.  Because  the  hot  gases  and  air  (iii 
their  ascent)  come  in  contact  with  the  hand 
placed  cd)ove  the  flame ;  but  when  the  haqdT 
is  placed  below  the  flame,  or  ou  one  side,  3 
only  feels  heat  from  radiation. 


T.it 


Q.  Why  is  a  rush-light  extinguished  more 
readily  than  a  cotton  wick  candle  ? 

A.  Because  a  hard  rush  imbibes  the 
melted  fat  or  wax  much  more  slowly  than 
poroufl  cotton ;  as  it  imbibes  less  fat,  it  sup- 
pUes  a  smaller  volume  of  combustible  gases, 
and,  of  course,  the  light  is  more  easily  ex- 
tinguished. 

966. 

Q.  Why  is  it  more  diflScult  to  blow  out  a 
cotton  wick  than  a  rusk-Ught  ? 

A.  Because  poroui^  cotton,  imbibes  the 
melted  fat  or  wax,  much  more  readily  than 
Jiaid  rush ;  as  it  imbibes  more  fat,  it  sup- 
22» 
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plies  the  flame  with  a  larger   volume  <rf 
cimbiistible  gases ;  and,  of  course,  the  light  is 
I  with,  more  diflBculty  extinguished. 

967. 

Q.  Why  ia  a  gas  Jlame  more  easily  ex- 
tinguished when  the  jet  is  very  slightly 
turned  on,  than  when  it  is  in  full  stream? 

A.  Because  there  is  less  volume  of  com- 
bustible gases  in  the  small  flame,  than  in 
tiie  full  blaze. 

sea 
Q.  Why  does  an  extinguisher  put  a  can- 
Pdle  out? 

A,  Because  the  air  in  the  extinguisher 
is  soon  exhausted  of  its  oxygen  by  the  flame; 
and  when  there  is  no  oxygen  flame  goea 
\  out. 

969. 

Q.  Why  does  not  a  candle  set  fire  to  a 
piece  of  paper  twisted  into  an  extinguisher, 
and  used  as  such? 

A.  1st. — Because  the  flame  very  soon 
exhausfs  the  oxygen  contained  in  the  paper 
extinguisher;  and 

2nd. — The  flame  invests  the  inside  of  the 
paper  extinguisher  with  carbonic  add  gas, 
which  prevents  it  from  blazing. 


Why  is  a  long  wick  never  upright  ? 
A.  Because  it  is  bent  by  its  own  weight. 

971. 

Q.  A  lon^  wick  is  covered  with  an  efflor- 
tscence  at  the  top.  What  does  this  arise 
fiom? 

A.  The  knotty  or  flowery  appearance  of 
the  top  of  a  wick  arises  from  an  acciunula- 
ti<Mi  of  particles  partly  separated  but  still 
loosely  hanging  to  the  wick. 

972. 

Q.  "Why  do  common  candles  require  snuff- 
ing? 

A.  Because  the  heat  of  the  flame  is  not 
su^icienl  to  consime  the  wick;  and  the  larger 
the  wick  grows  the  less  keat  the  flame  pre 


Q.    Why  do  wax  candles  never  neef 

A.  Because  the  wick  of  wax  candles  is 
made  of  very  fine  thread,  which  the  heat  of 
the  flame  is  sufficient  to  consume.  The 
wick  of  tallow  candles  (on  the  other  hand,) 
ifl  made  of  coarse  cotton,  which  is  too  suIj- 
Btantial  to  be  consumed  by  the  heat  of  the 
and  must  be  cut  off  by  snuffers. 


i 
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974. 

Why  does  a  pin  stuck  in  a  rush-l^U 
extin^isk  it  ? 

A.  Because  a  pin  (being  a  good  conduc- 
tor) carries  away  the  heat  of  the  flame  fnm 
the  wick,  and  prevents  the  combustion  of 
the  tallow. 

975. 

Q.  What  is  the  smoke  of  a  candle? 
A.  Solid  particles  of  carbon,  separated 
from  the  wick  and  tallow,  but  not  con- 
i,Bumed. 

976. 

Q.  Why  are  some  particles  consumed  and 
not  others  ? 

A.  The  combustion  of  the  carbon  depends 
upon  its  combining  with  the  oxygen  of  the  air; 
now  as  the  outer  surface  of  the  flame  pre- 
vents the  access  of  air  to  the  interior  parts, 
much  of  the  carbon  of  those  parts  passes 
off  in  smoke. 

977. 

Q.  Why  does  a  candle  flicker,  especially 
:t  previous  to  its  being  buTTit  out  ? 
A.  Because  it  is  unequally  supplied  with 
combustible    gases.     When    a    candle    is 
nearly  burnt  out,  there  is  not  sufficient  tal- 
low or  wax  to  keep  up  the  regular  supply 
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of  combustible  gas;  in  consequence  of 
which,  the  flame  flickers^  that  is,  blazes, 
when  it  is  supplied  with  gas,  and  goes 
out  for  a  moment  when  the  supply  is  de- 
fective. 


PART   111. 

METALS. 


CHAP.  I.— METALS  AND  ALLOYS, 


Q.  If  you  heat  steel  red  hot  in  the  fire,  an3 
then  plunge  it  suddenly  into  cold  water  it 
becomes  hard  and  brittle  ;  why  ia  this  ? 

A.  Because  the  sudden  chill  violently  ex- 
pels the  latent  heat,  which  would  hnre 
settled  in  the  steel,  had  it  been  allowed  to 
cool  slowly. 


979. 

Q.  What  ia  Uock  tin  7 
A.  Tin  purified  by  heat,  and  rua  into 
I  moulds,  which  form  blocks  of  great  size. 

9S0. 

Q.  What  ia  shed  tin,  such  as  is  used  in  the 
I  manufacture  of  pans  and  other  utensils  ? 

A.  It  ia  sheet  iron  dipped  into  melted  tin 
I  portion  of  which  adheres  to  the  surface 
262       I 


as  tin,  and  another  enters  into  the  iron  and 
alloja  with  it 

TkeaneiflietarvHippfMed  (o  h4Te  nurfa  Die  of  tin,  (ind  therfl  i>  fond 
will  ind  Spain,  »tlHul  lOM  yean  before  Chiiit. 
981. 

Q.  How  ia  sleel  made  from  iron  ? 

A.  The  iron  is  surrounded  with  charcoal, 
and  placed,  during  six  or  eight  days,  in  a 
furnace  intensely  heated  ;  the  carbon  unites 
with  the  iron,  and  forma  what  ia  called 
"carburet  of  iron"  (or  steel.) 

982. 

Q.  What  is  meant  by  shear  steel  ? 

A.  Shear  steel  derives  ita  name  on  ac- 
count of  its  being  used  for  making  shears, 
for  dressing  woolen  cloth,  Sheitr  steel  is 
broken  and  welded  frequently  in  order  to 
prepare  it. 

983. 

Q.  What  is  the  white  lead,  used  for  paint  ? 

A.  It  is  prepared  by  placing  sheets  of 
lead  over  earthen  pots,  which  contain  weak 
acetic  acid,  and  stand  upon  tan  or  dung. 
The  leiul  being  corroded  with  the  acid, 
unites  with  the  carbon  and  oxygen  evolved 
I  the  dung. 


>lved         J 


METALS  AND  ALLOTB. 


Q.  What  are  the  component  parts  of  ^be 
[  gold  coins  of  the  United  States. 

A.  They  are  made  o(  gold,  silver,  and  cop- 
per? 

M  paru  of  fold,  3j  of  dlTsc,  uil  1}  sapper. 
985. 

Q.  What  are  the  component  parte  of  the 
sUver  coins  of  the  United  States  ? 
A.  Silver  and  copper. 


Q.  What  is  jeweller's  gold  ? 

A.  An  alloy  of  gold  and  copper,  with 
silver — this  gold  is  liable  to  tamieh,  but  its 
I  brilliancy  can  easily  be  restored,  by  im- 
I  raersing  the  metal  in  ammonia. 

987. 

Q.  yfhsiiB  Dutch  gold? 

A.  It  is  properly  an  aRoy  of  copper  and 
|£7nc;  but  the  name  is  generally  applied  to 
►  the  hroTize  and  copper  leaf  which  is  mode  iu 
rGermany,  and  sold  like  gold  leaf,  in  books, 

98S. 

Q.  What  is  German  silver  ? 

A.  German  silver,  or  whiie  copper,  some- 


times  called  Argentm,  is  an  alloy  of  copper, 
zinc,  and  nickel. 


Q.  Wiat  is  hrass  ? 
A    It  is  an  alloy  composed  of  copper  Euid 
cine. 

Cond  bnn  conUlns  sbool  9  pocia  copper,  (o  I  of  lina. 
990. 

Q.  What  is  hell  metal? 

A.  An  alloy  of  copper  and  tin.  The  pro- 
portions should  be  78  of  copper,  to  22  of 
tin.  Large  hells  contain  more  copper  than 
small  ones. 


Q.  What  is  pewter  ? 

A.  An  alloy  of  tin  and  lead. 


I  What  is  Britannia  metal,  such  as  coflee 
Itea-pots,  etc.,  are  made  of? 
.  It  is  an  alloy  of  tin  with  lead>  copper, 
pony,  etc.,  according  to  its  quality. 

\  993. 

\  How  is  iron  galvanized  ? 

.  By  plunging   it   iuto    melted   zinc; 
_an  alloy  is  formed  on  the  surface, 
I  prevents  oxidation,  or  (rust.) 
23 
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994. 

Q.  What  is  common  solder  ? 

A.  Solder  is  a  mixture  of  lead  and  Uq. 

Fine  soldtr,  2  parts  tin,  and  1  lead 
Coarse  "       i    »      u  4    ci 


CHAP.  II.— GLASS,  PORCELAIN,  EARTHEN 

WARE. 

995. 
Q.  What  is  glass  ? 

A.  Glass  is  a  mixture  of  silex  and  an 
(dkcdi,  usually  the  carbonate  of  potash  or 
soda,  with  lime  or  oxide  of  lead,  according 
to  the  quality  of  glass  to  be  manufactured. 
These  substances  are  melted  together  at  a 
high  temperature,  which  expels  the  carbonic 
acid.  The  mass  is  left  to  cool,  until  it  is  in 
a  proper  state  for  working.     . 

996. 

Q.  How  is  glass  worked  ? 

A.  Articles  of  blown  glass,  such  as  bot- 
tles, etc.,  are  made  thus :  The  workman  has 
nn  iron  tube,  five  or  six  feet  long,  with  a 
mouth  piece  of  loood,  to  prevent  the  heat  of 
the  tube  from  injurinig  his  mouth ;  this  tube 
he  inserts  into  the  pasty  glass,  and  collects 
a  lump  large  enougli  to  form  a  bottle ;  ho 
then  rolls  it  on  a  marble  slab  into  a  pear- 
shaped  ball ;  this  is  inserted  into  a  metal 
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mtxilil  which  opens  and  shuts  on  hiage^^J 
he  tlien  blows  through  the  tube  so  as  to  e3^^| 


!^ 


jiimd  tlie  cooling  glass  into  the  shajre  of  the 
mouid.     The  mould  is  then  opened  and  the 
bottle  is  taken  out  at  the  end  of  the  tube 
is  then  touched  with  a  rod  of  cold  iron,  w! 
cracks  off  the  bottle  at  its  mouth  piece. 

997. 

Q.  How  is  plate  glass  made  ? 

A.  It  is  cast  on  a  flat  metal  table,  and 
alter  careful  annealing,  it  is  ground  and 
pijliBhed  by  machinery. 


Q.  How  is  plate  glass  ground  ?  ^M 

A.  One  plate  of  glass  is  attached  to  at^l 
ble,  another  smaller  one  is  firmly  fixed  in  a 
wooden  frame.  The  smaller  one  is  made 
to  move  i.ver  the  lower  plate  by  means  of 
machinery.  At  first,  moistened  sand  is 
thrown  b  tween  the  plates;  as  they  become 
smoother,  wet  emery  of  different  degrees  of 
fineness  ii  used,  instead  of  the  sand;  lastly— 
it  is  polished  with  putty  of  tin.  JB 

■'  Pully  otilri"  uiuBds  lliki»:  1    i  ii  hmlpd  abnve  it>  idolllnB  poirKJ  ■( 
nUiMcaJiiEcBriiiiiiiLT,  iMw.inilni  -    ivonod  iMin  n  wliiiiih  pnwdot  okM 

9 '9. 

Q.  For  what  purpor-ta  is  plate  glass  used? 
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A.  For  mirrors  ami  large  window  panes. 

ICOO. 

Q.  How  are  mirrors  made  ? 
A.  They  are  made  of  plate  gla8,s,  covered 
I  with  an  alloy  of  mercury  and  tin. 


r 

^^H        Q.  What  is  porcelain  ? 
^^^H       A.  All  kinds  of  china  ware,  such  aj^  are 
^^^B  used  for  dishes,  ctips,  etc.,  are  denominated 
^^^H  porcelain — some  kinds  are  much  finer  and 
^^^1  more  beautiful  than  others. 

^^^r       Q.  Of  what  is  porcelain  composed  ? 

A.  The  chief  materials  used  in  its  manu- 
facture are  a  certain  clay  derived  from  de- 
composed feldspar,  calcined  flints  finely 
ground,  together  with  a  portion  of  feldspar 
reduced  to  powder. 


¥ 


Q.  How  are  these  materials  mixed  to- 
;ether.? 

A.  They  are  put  into  a  kind  of  milli 
which  is  a  large  cylindrical  vessel  or  tub, 
into  which  a  small  sti  i;am  of  water  is  con- 
Bfantiy  suffered  to  tri.  .-ile,  the  ma-ss  ia  now 
gixiimd  or  mixed  iilo  a  kind  of  pap  oi 
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doiigli.  This  dough  Is  kneaiicd  or  Murlci.tl 
with  the  hands  until  the  mass  in  quite 
smooth  aud  of  a  uuiform  color.  It  is  uoitl 
ready  for  moulding. 

1004. 

Q.   What  is  moulding  , 

A.  Forming  the  dough  or  paste  into  the 
rhape  required,  such  as  bowls,  plates,  cupa, 
etc. 

1005. 

Q.  How  are  these  articles  moulded  ? 

A,  The  operation  is  performed  on  a  ma- 
c^iiue  called  a  potters'  lathe.  A  .small  piece 
of  the  clay  or  dough  is  placed  upon  thi« 
lathe,  and  owing  to  the  rapid  rotiiry  motion 
of  the  machine,*  the  workman  is  able  to 
ehape  a  vessel  by  keeping  his  hands  con- 
stantly wet;  he  moulds  it  to  a  proper  size 
by  means  of  pegs  and  guages.  It  is  now 
sofiered  to  dry  partially  ;  it  ia  then  placed 
upon  another  lathe,  when  it  is  shaped  more 
evenly  and  accurately,  aud  nicely  smoothed 
and  burnished  with  a  smooth  steel  surface. 
The  vessels  are  then  put  in  a  kiln  ; 
Inked. 

1006. 

Q.  How  long  is  porcelain  usually  bakei 
A.  It  requires  forty  hours  or  more. 
23- 
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1007. 

Q.  How  is  the  gloss  given  to  our  chiua 
.plates  ? 

A.  ThiB  is  catted  glaring.  Glaze  is  made 
in  various  ways,  according  to  the  quality  of 
the  articles  to  be  glazed, 

Gypsiim,  silica,  and  a  little  poixselain  clay 
are  ground  together  and  diffused  through 
water.  Sometimes  a  little  lead  is  added. 
Each  article  is  dipped  for  a  moment  in  this 
mixture  and  withdrawn,  the  water  sinks 
into  the  substance,  leaving  the  powder 
evenly  spread  on  its  surface.  They  are 
once  more  dried,  and  put  in  a  kiln  which  is 
fired  at  an  extremely  high  temperature.  It 
is  then  finished,  unless  it  ia  to  he  gilded  or 
otherwise  ornamented. 

1008. 

Q.  How  is  stoneware,  such  as  is  used  for 
jugs,  jars,  etc.,  made  ? 

A.  This  is  a  very  coarse  kind  of  porce- 
lain, made  from  clay  containing  oxide  of 
iron  and  a  little  lime. 

1009. 

Q.  How  is  stoneware  glazed  ? 

A.  By  throwing  common  salt  into  the 
heated  furnace ;  th  is  is  volatilized  by  the  va^ 
por  of  water  which  is  always  present,  and 
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the  silica  of  the  clay  of  which  the  ware  is 
composed.  This  fuses  over  the  surface  of 
the  ware,  and  gives  a  thin  but  excellent 
glaze. 

"  Volatilizey**  to  fly  off.    "  Fuses,*^  melts  or  liquefies  by  heat. 

1010. 

Q.  What  is  earthenware  ? 

A.  This  is  composed  of  a  species  of  clay 
mixed  with  silica.  It  is  moulded  in  the 
same  manner  as  porcelain,  dried  and  baked 
in  a  kiln ;  after  that,  it  is  glazed  with  a  mix- 
ture which  contains  the  oxides  of  lead  and 
tin,  after  which  it  is  reheated. 

Ariielec  glazed  with  this  mixture,  are  very  improper  for  culinar}-  ves- 
Mil,  af  the  lead  in  the  gtnae  is  affected  by  acids. 


PART   IV. 

OHGANIC    CHEMISTRY. 

1011. 

Q.  What  are  the  elements  which  compose 
organic  substances  generally  ? 

A.    All  organic  substances,  with  com- 
paratively few  exceptions,  are  composed  of 

carbon,  hydrogen,  oxygen  and  nitrogen. 

Sulphur  and  phosphorus  are  occasionally  aMociated  with  theaOy  Kutf 
hUo  certain  compounds  containing  chlorine,  iodine,  etc. 


CHAP.  L— SUGAR. 

1012. 

Q.  Of  What  is  st^ar  composed  ? 
A.  Of  carbon,  hydrogen  and  oxygen. 

1013. 

Q.  Is  sugar  a  vegetable  substance  ? 

A.  Yes ;  it  is  found  in  the  juice  of  many 
plants  and  in  the  sap  of  several  trees ;  but 
it  is  extracted  in  the  greatest  abundance 
from  the  juice  of  the  sugar-cane,  which  is 
cultivated  for  that  purpose  in  our  Southern 
States. 

272 


From  what  other  sources  is  sugar  ob*l 
iSned  ? 

A.  From  the  sugar  maple  which  grows 
:ibuiidantly  in  the  tfnited  States,  and  from 
beet  root. 

'The  mgHr  nnplfi  it  a  necla  of  ntspla.  ths  bntHnical  iwdb  o 
•«r  raK*aruiwn ;  it  Uitf™  boiler  in  N«w  Totk  Bod  PiinBiq>ii 


Q.  How  is  sugar  made  from  the  auj 
cone? 

A.  The  cane  is  crushed,  and  the  ex- 
pressed juice  mixed  with  a  small  quantity 
of  slacked  lime,  and  heated  to  near  the 
boiling  point ;  the  clear  liquid  thus  pro- 
duced is  rapidly  evaporated  in  an  open  pan, 
after  which  it  is  transferred  to  a  shallow 
vessel  and  left  to  crystallize,  during  which 
time  it  is  frequently  agitated,  in  order  to 
binder  the  formation  of  large  crystals  ;  it 
is  then  drained  from  the  syrup,  or  molasses. 
This  is  what  is  called  raw  or  Muscovado 
sugar  ;  after  which  it  is  refined. 

1016, 

Q.  How  is  sugar  refii'.d  ? 

A.  By  re-dissolving  it  in  water,  and  add- 
ing a  certain  quantity  of  albumen  in  thi 
jsUapti  of  blood  or  white  of  egg,  and  aomt 


jdo 
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times  a  little  lime-water,  and  heeding  the 
whole  to  the  boiling  point. 

1017. 

Q.  What  effect  has  the  albumen  on  the 
sugar? 

A.  It  coagulates^  and  forms  a  kind  of  neU 
work  of  fibres y  which  enclose  and  separate 
from  the  liquid  all  the  impurities  suspended 
in  it. 

1018. 

Q.  What  is  the  next  process  towards 
making  sugar  ? 

A.  It  is  then  filtrated  through  charcoaly 
evaporated  and  put  into  conical  earthen 
moulds,  where  it  solidifies.  It  is  then 
drained  and  dried,  and  the  product  is  the 
ordinary  loaf  sugar. 

1019 

Q.  What  is  grape  sugar  ? 

A.  It  is  the  sugar  of  fruits^  and  is  abun^ 
dantly  diffused  throughout  the  vegetable 
kingdom.  It  is  called  grape  sugar,  becauMO 
it  exists  naturally  in  the  juice  of  grapes. 
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CHAP    II —FERMENTATION    AND    PUTRE- 
FACTION. 

SECTION  I. FERMENTATION. 

1020. 

Q.  What  is  fermentation  ? 

A.  Fermentation  is  the  change  effected  in 
lie  elements  of  a  body  composed  of  carbon^ 
hydrogen  and  oxygen. 

1021. 

Q.  What  new  compounds  are  produced  by 
the  change  called  fermentation  ? 

A.  Alcohol  and  carbonic  acid. — The  alco- 
hol is  still  further  changed  (unless  the  pro- 
cess be  checked)  into  acetic  acid  or  vinegar. 

1022. 

Q.  AYJiat  are  the  elements  of  grape  sugar? 

A.  Carbon,  oxygen,  and  hydrogen,  all  in 
equal  proportions. 

1023. 

Q.  What  changes  does  sugar  undergo  by 
fermentation  ? 

A.  It  is  first  decomposed,  and  then  its 
elements  re-unite  in  different  proportions, 
producing  alcohol^  carbonic  acid^  and  ivater. 

OfiVflAR,  one  portion  is  alcohol;  nnd  another  carbonic  acid,*  as  may 
be  teen  by  the  following  table : 

Carb.  Oxy.   Hyd. 
Every  atom  of  anhydrous  sugar  contains     ...     12       12        12 

Two  atoms  of  alcohol  contain 8         4        12 

Foar  atoms  of  carbonic  acid  contain       4         8         0 


12       12        19 
N  B.  "  Anhydroas  sugar,"  is  sugar  dried  at  90(P. 
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1024. 

Q.  How  does  sugar  form  alcohol  by  fer 
mentation? 

A.  Two-thirds  of  its  carbon  and  one-third 
of  its  oxygen  re-unite  with  the  hydrogen, 
and  generate  alcohol. 

1025. 

Q.  How  does  siigar  form  carbonic  acid  by 
fermentation  ? 

A.  The  remaining  one-third  of  its  carbon 
and  two-thirds  of  its  oxygen  re-unite,  and 
generate  carbonic  acid. 

Q.  What  becomes  of  the  alcohol  which  is 
thus  generated  by  fermentation  ? 

A.  It  mixes  with  the  water,  and  forma 
the  infoxicaling  pai-t  of  beer  and  wine. 

1027. 

Q.  What  becomes  of  the  carbonic  acid, 
which  is  generated  by  fermentation  ? 
A.  It  makes  its  escape  into  the  air. 

1028. 

Q.  Why  is  barlei/  malted  ? 

A.  Because  germination  is  produced  by  tho 
artificial  heat ;  and  in  germination,  the  kqfcK 
of  the  grain  is  converted  into  sugar. 

1029. 

Q.  V^Tiat  is  alcohol  ? 


A. 
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A.  The  spirit  of  beer  and  wine,  obtained 
fermentation. 

1030. 

Of  what  elements  is  alcohol  coraposedi 
Of  carbon,  oxygen,  and  hydrogen 


1031. 

Q.  What  ia  the  origin  of  the  term  proof  \ 
ipirit  ? 

A.  It  is  derived  from  the  old  method  ofM 
lesting  spirit,  which  was  thus :    The  spirit  T 
to  be  tested  was  poured  over  gunpowder,  and 
ignited  ;  if  the  powder  exploded,  the  spirit 
was  said  to  be  above  proof;  if  it  did  not  ex- 
ploile,  it  was  said  to  be  below  proof.  J 

1032.  I 

Q.  What  is  meant,  at  the  present  day,  t 
by  spirit  oAouc  and  helow  proof? 

A.  If  we  say  that  spirit  is  ten  over  proof, 
we  mean,  that  one  hundred  gallons  of  it  will 
reqnire  ten  gdlons  of  weder  to  reduce  the 
spirit  to  proof  strength.  So  on  the  converse, 
if  we  say  that  spirit  is  ten  under  proof,  we 
mean  that  ten  gallons  of  toaier  must  be  taken 
I     from  the  spirit  to  raise  it  to  proof  strength. 

1033  ^^^1 

Q.  What  wines  contain  the  most  spirit^^^M 

K'hat  the  least  ?  ^^^^^ 

_^ 1 
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A.  Champagheis  one  of  the  weakest  wines, 
then  hock,  then  sherry y  and  Port  is  one  of 
the  strongest.  Four  glasses  of  Port  are 
nearly  equal  to  five  of  sherry. 

Champagne  contains  about  12  per  cent  of  alchohol. 
Hock  "         ««       13   **      "  ** 

Claret  "         «       16    '*      «  « 

Sherry  ««         «       19   "      "  « 

Port  «         "       23J «      "  " 

1034. 

Q.  Why  is  it  not  needful  to  put  yeast  into 
grape  juice,  in  order  to  produce  fermenta- 
tion? 

A.  Because  grape  juice  contains  a  suffi- 
cient quantity  of  a  nitrogenized  substance 
(like  yeast)  to  produce  fermentation. 

Nitrogenized,  that  is,  containing  nitrogen. 
1035. 

Q.  Why  do  not  grapes  ferment,  while  they 
hang  on  the  vine  1 

A.  Because  the  water  of  the  juice  evapo- 
rates through  the  skin,  and  allows  the 
grapes  to  shrivel  and  dry  up,  after  they  are 
ripe. 

Fermentation  cannot  occur  unless  the  sugar  be  dissolved  m  a  sufficien* 
q'lintity  of  water. 

1036. 

Q.  What  is  gluten  ? 

A.  A  tough,  elastic  substance,  composed 
of  carbon,  oxygen,  hydrogen,  and  nitrogen. 

1037 

Q.  Does  malt  contain  gluten  ? 
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A.  Tes.  The  infusion  of  malt,  called 
"sweet-wort"  contains  an  dmndance  of 
gluten ;  and  the  yeast  (which  converts  its 
sugar  into  dcohd)  converts  this  gluten  into 
yeast. 

1038. 

Q.  How  is  barley  malted  . 

A.  It  is  moistened  with  water ^  and  heaped 
up;  by  which  means,  great  heat  is  produced, 
which  makes  the  barley  sprout. 

(See  *'  sponianeous  oombastion.'') 
1039. 

Q.  Why  is  not  the  barley  suffered  to  grow 
as  well  as  sprout  ? 

A.  Because  plants  in  the  germ  contain 
more  sugar  than  in  any  other  state ;  as  soon 
as  the  germ  puts  forth  shoots,  the  sugar  of 
the  plant  is  consumed,  to  support  the  shoot. 

1040. 

Q.  How  is  barley  prevented  from  shooting 
in  the  process  of  malting  ? 

A.  It  is  put  into  a  kiln,  as  soon  as  it 
sprouts,  and  the  heat  of  the  kiln  chocks  or 
destroys  the  young  shoot. 

1041. 

Q.  What  is  yeast  ? 

A.  The  foam  of  beer  (or  of  some  similar 
liquor)  produced  hy  fermentation. 
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^^H    Q.  Why  18  yeast  used  in  breioing  ? 
^^^     A,  Because  it  consists  of  a  substance  call- 
[  ed    gluten,    undergoing    putrefaction;    in 

which  state  it  poasesses  the  peculiar  pro- 
I  perty  of  exciting  fermentation. 

If  Ih.  gigleii  were  not  ir.  n  pdlrerj-injt  n.lo,  il  ronW  nut  prodncB  fer- 
1043. 

Q.  Why  is  yeast  needful  in  order  to  make 
bait  into  hee.r? 
A.  Because,  the  presence  of  a  putrefying 
Hly   containing  nitrogen  is  essential,  in 
■der  to  convert  sugar  into  alcohol. 

1044. 

Q.  What  effect  has  yeaet  upon  the  sweet- 
yrt? 

A.  It  causes  the  sugar  to  be  converted 
"Into  alcohol  and  carbonic  acid ;  and  its  glu- 
ten into  yeast. 

1045. 

Q.  Why  is  porter  much  darker  than  ale  or 
ler? 

A.  Because  the  malt  of  which  porter  ia 
made,  is  dried  at  a  higher  temperature,  and 

slightly  charred. 

r  II  u  weak  warl  kjaitmeA,  ond  oontalni  1}  per  oenl.  at  it 

ninnr  wort,  and  cn.ilaina  T  per  nnl.  nralcuhol. 

IIiiinK44  Mrprill.nf.i™hnl. 

OKI  cnnmini «]  ner  cent,  nfali^ohol. 

[•cnntniniBj  p«  cent,  of  nicohol. 

VDit"  il  tbe  RirineRUUc  mrution  of  null  at  gnhi 
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1046. 

Q.  What  is  the  froth  or  scum  of  fermented 
liquors  ? 

A-  Putrefying  glutinous  substances  (of  a 
nature  similar  to  yeast,)  which  rise  to  the 
surface  fix)m  their  lightness. 

1047. 

Q  Why  is  beer  flat  if  the  cask  be  left  open 
too  long  ? 

A.  Because  too  much  of  the  carbonic  acid 
gas  (produced  by  fermentation)  is  suffered 
to  escape. 

1048. 

Q.  Why  are  beer  and  porter  made  stale  by 
being  exposed  to  the  air  ? 

A.  Because  too  much  of  the  carbonic  acid 
gas  (produced  by  fermentation)  is  suffered 
to  escape. 

1049. 

Q.  Why  does  beer  turn  flat  if  the  vent  peg 
be  left  out  of  the  tub  ? 

A.  Because  the  carbonic  acid  gas  escapes 
through  the  vent  hole. 

1050. 

Q.  Why  does  milk  turn  sour  by  keeping  ? 

A.  Because  it  undergoes  a  fermentation ; 
during  which  "lactic  acid"  is  formed,  wliicli 
turns  the  milk  sour. 

The  lactie  acid  is  formed  from  the  sugar  of  milk  by  feimentRtioii. 

24* 
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1051. 

Q.  Why  does  mUk  turn  sour  in  hot  wea- 
ther mucli  sooner  than  in  cold  ? 

A.  Because  heat  very  greatly  accelerates 
(he  process  of  fermentation  ;  during  which 
lactic  acid  is  formed,  which  turns  ttie  milk 
Bour. 

1052. 

Q.  Why  can  you  never  boil  side  mi?&  with- 
out curdling  it  ? 

A.  Because  etale  milk  is  in  an  incipient 
state  of  fermentation,  which  the  heat  of 
the  fire  greatly  accelerates;  The  lactic 
acid  which  is  formed  during  fermentation, 
mixing  with  the  casein  of  the  milk,  coagu- 
lates it. 

1053. 

Q.  Why  does  a  small  portion  of  corrosive 
svblimate  keep  paste  from  turning  sour  ? 

A.  Corrosive  suhlimate  being  a  powerful 
antiseptic^  prevents  fermentation,  which  ia 
the  cause  of  the  paste  turning  sour. 

1054. 

Q.  Whatis&read? 

A.  It  is  a  kind  of  food  prepared  gene- 
rally from  the  ftour  of  wheat  mixed  with  wa- 
ter to  a  dough,  and  suhmitted  to  the  actioi. 
of  heat  to  bake.  This  kind  of  bread  ie  call- 
ed unfermented  or  unleavened  breao . 


UB. 
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at  is  lememd  bread  ? 
A.  It  is  flour  mixed  to  a  dough  with  wa^ 
ter,  to  which  is  added  a  little  leaven,  (or 
dough  which  lias  been  fermented)  or  yeast. 

1056. 

Q.    What   effect  has   the  yeast   on    thi 


A.  It  assists  in  the  fermeTitation  of  the 
dongh,  by  which  means,  carbonic  acid  is 
generated  in  the  mass,  and  makes  the 
bread  porous  and  li^kt.  It  is  then  placed  in 
the  oven,  and  this  gas  expanding  by  heat 
rises  the  dough  still  more,  and  puts  a  stop 
to  any  further  fennentation. 

1057. 

Q,  How  does  fermentation  make  the  tfot^A^ 
me? 

A.  During  fermentation,  carbonic  acid  gas 
is  evdved ;  but  the  sticky  texture  of  ihe 
dough  will  not  allow  it  to  escape;  so  it 
forces  up  little  bladders  all  over  the  dough. 

1058. 

Q.  Why  is  new  bread  indigestible  ? 
A.  Because  the  change,  called  "panai 
fennentation,"  is  not  completed. 

"  Potiu.,,"  rrom  !he  Lnlin  «nrd  P.nii  (br Mil ;)  "  pnniiiT  fetmonttlion' 

The  sugar  of  the  dough  is  converted  into 
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I  alcohol  and  carbonic  acid  by  fermentation ; 

L the  douf^h  being  adhesive  prevents  the  es- 

^^^1  cape  of  these  products,  till  the  mass  ia 
^^^^paked ;  when  the  gas  expands,  bursts 
^^^Tthrough  the  mass,  leaving  a  number  of 
^^^  liules  or  bladders,  to  show  where  it  was 
confined. 

So  long  as  the  bread  is  warm,  the  pro- 
cess   of    fermentation    is    going   on;   and, 
therefore,  bread  should  never  be  eaten  till 
I  it  is  twenty-four  hours  old. 

^^^H.i  Q.  Why  does  baking   dough  convert  it 

^^H^to  bread  ? 

^^^  A.  When  dough  formed  of  flour,  ia  b^ed, 
its  starch  is  changed  into  a  gum  called 
dextrin. 

A  similar  change  is  produced  upon  the 
farinaceous  portion  of  the  dough .  The 
yeast  (added  to  the  dough)  converts  part 
of  the  starch  and  sugar  into  alcohol  and 
carbonic  acid;  of  these,  the  alcohol  evapo- 
rates in  the  oven,  and  the  carbonic  acid 
forces  the  dough  into  bubbles,  in  its  efibrt 
to  escape,  rendering  the  bread  light  and 
full  of  holes.. 


w 
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ten,  Ihal  IflJ  Ibt.  of  iiurch  hi 

mniIiT  liniiliir  lo  thni  wlilch  no 
inly  il  !■  >i>luhl«  in  cold  wiler. 
Tc^inblB  princjfilfl  nf  mill,  i 


1060. 

Q.  Why  is  dough  placed  before  the  fire  ?  i 

A.  Ist. — Because  the  heat  of  the  fire  I'rt! 

creases  the  fermentation  ;  and 

2nd. — It  expands  the  gas,  confined  in  the 
little  bladders ;  in  consequence  of  which, 
the  bladders  are  enlarged,  and  the  dough 
becomes  lighter  and  more  porous. 

1061. 

Q.  Why  will  dough  not  rise  in  cold  wea- 
ther unless  it  be  placed  near  the  fire  ? 

A.  Because  it  gets  cold  and  then  the  i 
in  the  little  bladders  condenses — the  j 
falls — and   the    bread    becomes  close    anil 
heavy. 

1062. 

Q,  Why  is  well  made  hread  full  of  holes 
or  bubbles? 

A.  Because  the  fermentation  of  the  dough 
throws  up  little  bubbles  flUed  with  carbonic 
acid  gas ;  and  when  the  dough  is  baked, 
these  bubbles  are  made  permanent  in  the.. 
bread. 
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^^^^f'  sECTioK  II. — runt EF ACTION. 

^^^L  ^^^ 

^^^n.   Q.  What  is  the  difference  between  j'emS^ 
^^^^fation  and  putrefactfnn  ? 
^^^f     A.  Fermentation  is  a  cliange  effected  m 
I  the  elements  of  a  body  composed  of  car- 

I  bon,  oxygen,  and  hydrogen,   without  nitro- 

1 gen.     Putrefaction  ia  a  change  effected  in 

^^H    the  elementc!  of  a  body  composed  of  car- 
^^H  bon,  oxygen,  hydrogen,  and  nitrogen. 

^^H  Q.  What  new  compounde  are  produced 
^^H  by  the  change  called  putrefaction  ? 
I^^r  A.  The  carbon,  oxygen,  liydrogen,  and 
nitjogen,  of  the  origmal  substance  (being 
separated  by  decomposition)  re-unite  in  the 
following  manner.  1.  Carbon  and  o:^gen 
unite  to  form  carbonic  acid.  2.  Oxygen  and 
hydrogen  unite  to  form  water.  3,  Hydro- 
gen and  nitrogen  unite  to  form  ammonia. 

leD  IhkIjcb  cnnlaminur  fulphur  niul  nlKBphnrrii  potirfrT  th* 
r>Af>j<pAmimniie  wltb  hydrogrti,  nnd  fomi  siitpKiinliti  tai 
[  A]/drBgen  sam, 

loes. 
Q.  Whnt  becomes  of  these  several  pro 
fucts  of  putrefjiction  ? 
A.  They  are  all  elastic  bodies,  and  P* 
Wr-ape  into  the  air. 
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\YIiat  is  the  cause  of  the  ofensive 
tmeU  wliich  issues  i'rom  putrefying  bodies  ? 
A.  The  evolution  of  ammonia,  or  of  svl- 
pkuretted  and  phosphuTetted  hydrogen  gases  ; 
all  of  which  have  pungent  and  offensive 
odors. 

1067. 

Q.  What  change  is  produced  in  gluten 

by  putre.facHon  ? 

A.  Its  elements  are  loosened  from  their 
former  conditions  of  combination,  and  re- 
arranged (with  the  addition  of  oxygen  from 
the  air)  into  a  new  series. 

1068. 

Q..  Why  do  boiled  eggs  discolor  a  silver 
spoon  ? 

A.  Because  they  contain  a  small  portion 
of  sulphur,  which  unites  with  the  silver  (for 
which  it  has  a  great  affinity)  and  tarnishes 
it. 

HfS  ihs  while  and  folk  contain  (ulphnt—ilia  linor  mare  aba  ndanilf. 
1069 

Q.  What  causes  the  offensive  smell  of 
stale  hard  boiled  eggs  ? 

A.  The  hydrogen  of  the  egg  combining 
with  the  sidphur  and  phosphorus,  form  sal' 


J 
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pkureited  and  phosphuretted  hydrogen  ;  both 
of  which  gases  have  an  oifensive  odor. 

1070. 

Q.  Decaying  vegetables  are  first  of  a 
brownish  tint,  why  do  they  afterwards  tarn 
of  a  blackish  color  ? 

A.  Because  the  hydrogen  of  the  decaying  - 
vegetables  is  separated  from  the  mass  by 
the  process  of  decay,  and  leaves  a  hirger 
proportion  of  carbon  behind. 


Q.  Why  are  decaying  vegetables  always 
moist? 

A.  Because  the  hydrogen  and  oxygen  of 
the  vegetables,  are  given  up  hy  decay,  and 
form  into  water. 

oirgen  and  iiySiciien  form  inio  wnltr;  and  Bnd. — Tho  earbon  nrrilM 
1072 

Q.  Wliy  does  meat  putrefy  sooner  in  Ao( 
damp  weather,  than  in  cold  ? 

A.  Because  the  carbon  of  the  meat 
unites  with  the  oxygen  of  the  air  more 
readily  when  hot  than  cold ;  and 

Because  the  damp  deposited  on  the  sur- 
face of  the  meat,  is  of  itself  one 


Dne  sur-     i 
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oompoimds  of  putrefaction,  and  leaves  i 
excess  of  hydrogen  in  the  meat. 

Thus  the  original  proportions  and  com- 
binations of  the  meat  are  altered  and  de- 


fvXTtfa£iinB  m  viaply  ihe  dKt>rnpoa\iian  nr  tht  orlf iiiHt  elein 

In— Cirban  and  oirgEn  miitc  lo  rnrm  rnubanl:  a^d ; 
and— HyiirngenaniloKygBll  "  "     wbIm; 

».  B.  CubonodiluwilbaiycFiiwhhDiEiidinexii  pniportid] 
knl;  wtaen  nd  hoi,  tbe  oomlXnatiuii  ii  man  entity  eSerUd. 

1073. 

Q.  Why  does  meat  putrefy  most  rapidly 
in  very  changeable  weather  ? 

A-  Because  moisture  is  more  freely  de- 
posited on  the  meat  in  very  cliangeable 
weather ;  and  this  moisture  is  a  chief  com- 
pound of  putrefaction. 

1074. 

Q.  How  can  the  taint  of  meat  be  re- 
moved? 

A.  Either  by  washing  with  pj/roligneovs 
acid — or  by  covering  it  for  a  few  hours 
with  common  charcoal — or  by  putting  a  few 
kcnps  of  charcoal  into  the  water  in  which  it 
it  imiled. 

1075. 

Q.  Why  do  these  things  destroy  IM 
laini  of  meat  1 

25 
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A.  Because  they  combine  with  the  putre^- 
cent  particles,  and  neutralize  their  oflFensive 
taste  and  smell. 

1076. 

.     Q.  Why  does  stagnant  water  pvtrefy? 

A.  Because  leaves,  plants,  insects,  etc., 
are  decomposed  in  it. 

1077. 

Q.  Why  is  stagnant  water  full  of  worms ^ 
eels,  etc? 

A.  Because  numberless  insects  lay  their 
eggs  in  the  leaves  and  plants  floating  on  the 
surface ;  these  eggs  are  soon  hatched,  and 
produce  swarms  of  worms,  eels,  and  in- 
sects 

1078. 

Q.  Why  is  flowing  water /r^e  from  these 
impurities  ? 

A.  1st. — Because  the  motion  of  running 
water  prevents  fermentation  ; 

2nd. — It  dissolves  the  putrid  substancei 
which  happen  to  fall  into  it :  and 

3rd. — It  casts  on  the  bank  (by  its  cur- 
juJit)  such  substances  as  it  cannot  dissolve, 

1079. 

Q.  Birds,  after  they  are  killed,  keep 
longer  in  their  feathers,  than  when  they  are 
plucked.     Why  is  this  ^ 
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A.  Because  the  feathers  prevent  the  air 
mp  from  gettmg  so  readily  to  the  bird, 
diice  decay. 


Wliy  does  unseasoned  wood  decay  mtiol 
liiore  rapidly  than  wood  well  aeasoHed  ? 

A.  Because  the  albumen  which  the  sa] 
oontains  produces  a  species  of  ferments 
tion ;  during  which  the  cellulin  and  lid 
neons  matter  of  the  wood  are  turned  iatq 
carbonic  acid  and  water. 


e  Imni  or  woodj  port  m 


1081. 

Q.  Why  ia  toood  placed  in  a  stream  od 
ninning  vx^er  to  season  it  ? 

A.  Because  the  runuing '  water  washa 
away  the  sap ;  and  thus  prevents  fermfTitcm 
tion  and  decay. 

10S2. 

Q.  Why  will  solutions  of  salts  prcveti 
the  decay  of  wood  steeped  therein? 

A.     Because   the    salts    unite    with    the 
I    albumen  of  the  sap,  coagidate  it,  and  prevent 

t: 
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\  CHAP.  Ill  —COMPONENTS  OF  THE  ANIMAL 
BODY. 
1083, 
Q,  What  18  albumen  ? 
A.    The   serum,   or  Jluid  portion  of  tlio 
'  blood,  (which,  after  exposure  to  the  air,  U 
separated    from  the   more  solid  part)   the 
vitreous  and  crystdline  humors  of  the  eye,  the 
I  brain,  spinal  mtnrow,  and  mrves,  all  contain 
I  albumen. 

It  exists  most  abmidantly,  and  in  its 
purest  natural  state,  in  the  white  of  an  egg  ; 
from  whence  it  derives  its  name  (album  ovi) 
which  is  the  Latin  for  the  white  of  an  egg. 

1084. 

Q.  Wliy  will  milk  bum  very  easily,  when 

[boiled  ;  water  will  not  do  so  ;  explain  this? 

A.  1st. — Because  milk  contains  solid  or- 

I  ganie  substances,  capable  of  burning;  which 

r  water  does  not ;  and 

2nd. — Because  the  heat  of  the  fire  coagu- 
lates the  albumen  of  the  milk,  which  falls  lo 
the  bottom,  and  adheres  to  the  boiler. 

1085. 

Q.  Why  are  lamb  and  veal  more  tender 
}than  beef  and  mutton  ? 

A.  Because  thej  contain  more  albumen, 
land  less  muscular  fibre. 

AJbumtn  l<  a  ■Dbttance  likft  the  whits  of  uiBgg. 


w 
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1086. 

Q.  Why  do  lamb  and  veal  taint  more  quickJ 
ly  thim  beef  and  mutton  ? 

A.  Because  they  contain  a  large  quantity' 
(if  albumen,  which  is  very  liable  to  putrefac- 
tion. 

1087. 

Q.  Why  is  meat  tough  which  has  beei 
bdled  too  long  ? 

A.  Because  the  albumen  becomes  hard  lik^ 
the  white  of  a  hard  boiled  egg, 

Tlitb«l  wn;  nrbciling  nwiil  tn  omkii  U lendrr,  m  t]iu< :  Pol  vnnrji 
In  my  \ms)i  bmliiic  wa»r ;  nfur  a  few  milium  add  h  litlln  -^M  hm 
IV  iKHling  wilier  tnnfiz  iba  ■IbuSgn,  which  will  prcvffl.t  the  witier  f  i 
■MktnK  ini'i  llic  mr^nl— kiep  oil  lu  jnfcn  in— nnd  pravriit  Llie  moKi 


Q.  Why  is  meat  always  tough,  if  it  be  pid 
into  the  boiler  before  the  water  boils  ? 

A.  Because  the  water  is  not  hot  enough  " 
to  coagulate  the  albumen  between  the  mns- 
cnlar  fibres  of  the  meat,  which,  therefore, 
runs  into  the  water,  and  rises  to  the  surfaoejj 
as  a  scum. 

10S9. 

Q.  Why  is  the  flesh  of  old  animals  tough^ 

A.  Because  it  contains  very  little  alhume* 

and  much  muscular  fibre. 

1090. 

Q.  Is  salted  meat  as  nutritious  as  fresli 
^   meat) 
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A.  No ;  because  the  albumen  of  the  meat 
is  separated  from  the  flesh  by  the  brine ; 
us  well  as  the  alkaline  phosphates,  and  some 
other  substances  of  great  value. 

PhoJKphates  are  alkaline  and  mineral — Alkaline  phosphates  are  pkosph<h 
tic  acid  combined  with  some  alkali ^  such  as  soda,  polasti,  magneBiBf  etc. 

<•  Alhumen  of  the  meat  " — a  substance  resembling  the  whitt  of  an  eggy 
which  lies  between  the  muscular  fibres  of  all  flesh,  and  makes  the  meat 
ttnder. 

**  The  alkaline  phofphates  of  meat"  are  such  as  these:  the  phosphate 
of  soda,  the  phosphate  of  potash,  and  the  phosphate  of  magnesia,  which  are 
extracted  from  the  meat  by  the  acid  reaction  of  the  brine. 

1091. 

Q.  Why  does  salt  preserve  meat  ? 

A.  1st. — Because  it  removes  the  water 
contained  in  the  animal  fibre ;  absorbmg  it, 
and  leaving  the  meat  dry. 

2nd. — Salt  is  composed  of  chlorine  and 
sodium ;  the  chlorine  of  the  salt  takes  up 
the  hydrogen  of  the  meat  as  it  is  given  off, 
and  prevents  the  offensive  taste  and  smell 
of  decay : 

3rd. — Brine  draws  away  the  albumen  from 
between  the  muscular  fibres,  which  is  very 
subject  to  putrefaction : 

4  th. — The  salt  unites  with  the  muscular 
Hbre,  and  makes  a  new  chemical  compound 
much  less  subject  to  decay ;  and 

5th. — It  keeps  the  air,  flies,  etc.,  fiom 
the  meat. 

1092. 

Q.  Is  albumen  found  only  in  animals  T 
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.  No ;  it  abounds  also  in  vegetables.     It 

the    chief  bulk  of  some  seeds,  as 

igrapea,  corn,  etc. 

1093. 

Q.  Wlmtisfiirme? 

A.  It  is  a  compound  which  abounds  in 
both  animal  and  vegetable  substances — the 
chief  part  of  musadar  fiesh  is  formed  of 
fibrine.  It  also  exists  in  chyle,  and  enters 
into  the  compositioTi  of  the  blood. 

1094. 

Q.  What  is  caseine  ? 

A.  It  exists  in  milk,  and  constitutes  the 
greater  part  of  cheese  made  from  skimmed 
milk. 

1095. 

Q.  Does  caseine  exist  also  in  vegetables  ? 

A.  It  is  found  in  pens,  beans,  etc.  They 
are  crushed,  mixed  with  water,  and  then 
atmined.  In  this  way  the  caseine  is  pro- 
cured, which  has  all  the  characteristics  of 
skimmed  milk. 

1096. 

Q.  What  is  Gelatine  ? 

A.  It  is  a  felly-like  substance,  formed  by 
boiling  animal  membranes,  skin,  ami  even 
bones.  It  does  not  exist  in  its  natural  state 
in  tJie  animal  system,  but  is  easily  produced 
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by  means  of  hot  water.     The  well  known      I 
sabstonce  called  isinglass,  and  also  calves'  feet      i 
jell^,  are    familiar   examples   of  gelatine 
Glue  is  a  kind  of  gelatine  dried  in  the  air. 

1097. 

Q.  Why  does  the  use  of  sdt  beef  produce 
Bcurvy ? 

A.  Because  the  soluble  salts  are  removed 
from  the  beef  by  brine  ;  in  consequence  of 
which,  it  cannot  restore  to  tlie  human  sys- 
tem those  salts,  which  are  essential  to  pre- 
serve the  blood  in  a  healthy  state. 

1098. 

Q.  Why  does  the  use  of  vegetables  gene- 
rally prevent  scurvy  ? 

A.  Because  they  contain  the  soluble  salts 
removed  from  the  beef  by  brine ;  which, 
being  restored  by  the  vegetables,  preserve 
the  blood  in  a  healthy  state. 

1099. 

Q.  Why  is  lime-jiiice  a  perfect  cure  for 
scvrvy? 

A.  Because  it  contains  the  very  salts,  re- 
moved from  the  beef  by  the  action  of  the 
brine  ;  namely,  alkaline  phosphate, — and 
sulphate,  chloride,  and  phosphate  of  lime. 
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CHAP.  IV.— ANIMAL  HEAT. 
1100. 

What  is  the  cause  of  animd  heat  ? 
A.  Animal  lieat  is  produced  by  the  com- 
hustion  of  hydrogen  and  carbon  in  the  capillary 


Q.  How  do  hydrogen  gas  and  carbon  \ 
into  these  very  small  vessels '/ 

A.  The  food  we  eat  is  converted  into  blood; 
and  blood  contains  both  ii/drogen  and  carbon. 

1102. 

Q.  Why  13  every  part  of  the  body  warm  ?1 

A.    Because    the    capillary   vessels 

through  every  part  of  the  human  body,  and 

the  combustion  of  blood  takes  place  in.  the 

capillary  vessels. 

1103. 

Q.  What  are  the  capUlary  vessels? 

A.  Vessels  as  small  as  hairs  running  oS" 
over  the  body;  they  are  called  capillary  from 
the  Latin  word  "capillaris,"  (like  a  hair.) 
ni'54. 

Q.  Do  these  capillary  vessels  run  all  ov« 
the  human  body  ? 

A,  Yes.  Whenever  blood  flows  from  i 
wound,  some  vein  or  vessel  must  be  divided; 
and,  as  you  can  bring  blood  from  any  part 
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[  of  the  body  by  a  very  slight  wound,  these 
I  Httle  vessels  must  run  through  every  part 
I  of  the  human  frame. 

1105. 

Q,  How  does  comhv^tion  take  place  in  the 
capillary  vessels  1 

A.  The  carbon  of  the  Mood  combines  with 
the  oxygen  of  the  air  we  breathe,  and  forms 
into  carbonic  acid  gas. 

1106. 

Q.  What  becomes  of  this  carbonic  acid  gas 
formed  in  the  human  blood  ? 

A.  The  lungs  throw  off  almost  all  of  it 

into  the  air,  by  the  act  of  respiration. 

1107. 

Q.  Does  the  heat  of  the  human  body  arise 
from  the  same  cause  as  the  heat  of /re  f 

Yes,    precisely.     The    carbon   of  the 
blood  combines  with  the  oxygen  of  the  air  in- 
haled, and  produces  carbonic  acid  gas,  which 
1  IB  attended  with  combustion. 


I  like 

^^H  ner 


Q.  I£  animal  heat  is  produced  by  combui- 
tion,  why  does  not  the  human  body  bum  up 
like  a  coal  or  candle  ? 

A.  It  actually  does  so.  Every  rauselc, 
nerve,  and  organ  of  the  body  actually  wastes 
taoay  like  a  burning  candle ;  and,  (being  re- 


ANIMAL  IIEAT. 

duced  to  air  and  ashes)  is  rejected  from  the! 
system  as  useless, 

1109. 

Q,  If  eveiy  bone,  muscle,  nerve,  and  or- 
gan, is  thus  consumed  by  combustion,  wh; 
is  not  the  hody  entirely  consumed  ? 

A.  It  would  be  so,  unless  the  parts  dip 
etroyed  were  perpetually  renewed  ;  but,  as  i 
lamp  will  not  go  out,  so  lono-  as  it  is  sup- 
plied with  fresh  oil,  neither  will  the  body  be 
consumed,  so  long  as  it  is  supplied  with  suffi 
cient  food. 

1110. 

Q.  What  is  the  principal  difference  be- 
tween the  combustion  of  a  fire  or  lamp,  and 
that  of  the  human  body  ? 

A.  In  the  human  body,  the  combustion  is 
affected  at  a  much  lower  temperalure  ;  and  ia 
carried  ou  more  slowly,  than  it  is  in  a  lamp 
or  fire. 


Q.  What  causes  the  heat  of  our  own 
bods? 

A.  The  carbon  of  our  blood  combines  with 
the  oxygen  of  the  air  inhaled,  and  produces 
carbonic  acid  gas ;  which  evolves  heat  in  a 
Stay  Birailar  to  buniing  fuel. 
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1112. 

Q  Why  do  oxygen  and  carbon  so  readily 
unite  in  the  blood? 

A,  Because  the  atoms  of  carbon  are  so 
loosely  attracted  by  the  other  materials  of 
the  blood,  that  they  unite  very  readily  with 
the  oxygen  of  the  air  inhaled. 

1113. 

Q.  la  carbonic  acid  wholesome  ? 

A.  No ;  it  is  fatal  to  animal  life  ;  and 
(whenever  it  is  inhaled)  acts  like  a  narcotic 
poison — producing  droweinees,  which  Bome- 
times  ends  in  death. 

1114. 

Q.  How  is  it  that  carbon  can  be  made  to 
b\im  at  so  low  a  temperature  in  the  human 
body? 

A.  Because  the  carbon  in  the  blood  is 
reduced  to  very  minute  particles  ;  and  these 
particles  are  ready  to  undergo  a  rapid 
change  as  soon  as  oxygen  is  supplied. 

Ills. 

Q.  Why  are  very  poor  people  instinctively 
averse  to  ventilation  ? 

A.  Ist. — Because  ventilation  increases  the 
oxygen  of  the  air — the  combustion  of  food — 
and  the  cravings  of  appetite  ;  and 

2nd. — Ventilation    cools  the   mr   of   nm 
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rooms;  to  poor  people,  therefore,  who  are 

ill  clad,    the  warmth  of    au  ill-ventilated 

apartment  is  agreeable. 

me. 

Q.  Why  are  the  ill-dad  also  inatinctivelyJ 
overee  to  cleanliness  ? 

A.  Because  dirt  is  warm,  (thus  pigs,  whol 
love  warmth,  are  fond  of  dirt ;)   to  those, 
therefore,  who  are  very  ill-dad,  the  warmth 
of  dirt  is  agreeable. 

1117. 

Q.  Why  does  flannel,  etc.,  make  us  wanp,? 

A.  Flannel  and  warm  clothing  do  not 
make  us  warm,  but  merely  prevent  our  body 
from,  becoming  cold. 

1118. 

Q.  How  does  flannd,  etc.,  prevent  qui 
body  from  becoming  cold  1 

A.  Flannel  (being  a  bad  conductor)  will 
neither  carry  of  the  heat  of  our  body  into  the 
add  air,  nor  suffer  the  cold  of  the  air  to  come 
in  contact  with  our  warm  body  ;  and  thus  it  is, 
that  flannel  clothing  keeps  us  warm 

1119, 

Q.  Why  are  frogs  and  fishes  cold-blooded 
animals'? 

A.  Because  they  consume  very  Utth  airii 
and,  without  a  plentiful  supply  of  air.  coia-4 

2f> 


302 


ANIMAi  HEAT. 


bastion  is  too  slow  to  generate  much  animal 
heat. 

1120. 

Q.  Why  is  a  dead  body  cold  ? 

A.  Because  air  is  no  longer  convejed  to 
the  lungs,  after  respiration  has  ceased  ;  and, 
therefore,  animal  heat  is  no  loiter  generated 
by  combustion. 

1121. 

Q.  Why  do  we  need  warmer  clothing  by 
night  than  by  day  ? 

A.  1st. — Because  the  night  is  generaily 
colder  than  the  day  ;  and 

2nd. — Our  bodies  are  colder  also  ;  because 
I  we  breathe  more  slowly,  and  our  animal 
y  combustion  is  retarded. 

1122. 

Q.  Why  do  we  perspire  when  very  hot  ? 

A.  The  pores  of  the  body  are  like  the  safe- 
ty valves  of  a  steam-engine  ;  when  the  heat 
of  the  body  is  very  great,  some  of  the  com- 
buBtible  matter  of  the  blood  is  thrown  ofT 
in  perspiration  ;  and  the  heat  of  the  body 
F  kept  more  temperate. 

1)23. 

Q.  Why  does  running  make  us  warm  ? 
A.  Because    we   inhale   air   more  rapidly 
EVhen  we  run,  and  cause  the  blood  to  piuia 


r 
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more  rapidly  through  the  lungs  in  contact 
with  it.  Running  nets  upon  the  capillary 
vessels  as  a  pair  of  bellows  on  a  common  _^e. 

1124. 

Q-  Why  d«?s  inhaling  air  rapidly  raake 
the  body  feel  warm  ? 

A.  Because  more  oxygm  is  introduced  into 
the  body.  In  consequence  of  which,  the 
combustion  of  the  blood  is  more  rapid — the 
lilood  itself  more  heated — and  every  part  of 
the  body  is  made  warmer. 

1125, 

Q.  How  does  the  combination  of  oxygen 
with  the  blood  produce  animal  hrat? 

A.  The  prmcipal  element  of  the  blood  is 
carbon ;  and  this  carbon  {combining  with 
the  oxygen  of  the  air  inhaled)  produces  car- 
honic  add  gas,  in  the  same  way  as  bm'ning 
fuel. 

1126. 

Q.  What  becomes  of  the  nitrogen  of  the 
air,  after  the  oxygen  enters  the  blood  ? 

A.  It  is  thrown  out  from  the  lungs  un 
changed,  by  the  act  of  breathing ;  to  be 
again  mixed  with  oxygen  and  converted  into 
eorainon  mr. 

1127. 

Q,  Can  you  explain  how  we  breathe 


he?      ^^1 
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A.  By  a  muscular  action,  we  make  an  en 

irged  space  in  the  chest;  the  pressure  of  the 

external   atmosphere  forces    air   into  this 

so  as  to  fill  it.     By  a  second  muscular 

action  the  lungs  are  compressed,  and  the  air 

'Jorced  out   and    escapes.     The    air  which 

i  is  chiefly  nitrogen. 


Q,  Why  does  the  vitiated  air  (after  the 
^xygen  has  been  absorbed)  come  out  of  the 
M-tmmih,  and  not  sink  into  the  stomach  ? 

A.  Because  a  mechanical  provision  is 
made  ili  the  upper  part  of  the  windpipe  and 
gullet  for  this  purpose. 

N,  B.  The  lungi  are  n  \allmij,  spHney  mitii,  eapnbla  ot  oonfinliw  ilr, 
and  of  being  iilaud  by  it.    TIie]>  ara  lo  lilnalsd  in  ths  Ihnrnx  (ar  cEsii,) 


1  mid  ihim^  10  fupptf  Ih 
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.  If  (both  in  combustion  and  respira- 
tion) the  ox?/gen  of  tlie  air  is  consumed,  and 
the  nitrogen  rejected — Why  are  not  the  pro- 
Krtions  of  the  air  destmy.d  ? 

A.  Because  the  under  surface  of  vegetcAle 
vapea  (during  t!ie  day)  gives  out  oxygen  ; 
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and  thus  restores  to  the  air  the  very  eloj 
ment  of  which  it  has  heen  deprived, 

1130 

Q.  Whence  do  leaves  Main  the  oxygen 
which  they  exhale  ? 

A.  From  the  carbonic  acid  absorbed  by 
the  roots  from  the  soil,  and  carried  to  the 
leaves  by  the  rising  sap. 


1131. 

Q.  How  do  plants  contrive  to  absorb  car- 
bonic acid  from  the  soil  ? 

A.     It   rises    (by   capillary    attraction) 
through  the  small  fibrous  roots,  after  it  has,^ 
been  dissolved  in  the  soil  by  water. 

1132. 

Q.  If  leaves  throw  off  the  oxygen  of  thai 
carbonic  acid,  what  becomes  of  the  carbon. 

A.    It  is  retained  to  give  firmness  and 
solidity  to  the  plant  itself. 

1133. 

Q.  Show  how  Gfod  has  made  animd  lifflj 
dependent  on  that  of  vegetables  ? 

A.  Animals  require  oxygen  to  keep  them 
alive,  and  draw  it  from  the  air  by  inepira- 
Uon :  The  under  surface  of  haves  gives  out- 
oxj^en  ;  and  thus  supplies  the  air  with  tba 
very  gas  required  for  the  use  of  aniraals. 
26* 
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^^f        Q.  Show  how  God  has  made  wege^afi/e  life 
^^     dependent  on  that  of  animal. 

A.  Plants  require  carbonic  acid,  which  ia 

tlieir  principal  food ;  and  all  animals  exhale 
'  ihc  same  gas  from  their  lunga.     Thus  plants 

I  fliipply  animala  with  oxygen,   and  animals 

Bupplj  plants  with  carbonic  add. 


n 


1135. 

Q.  What  Jsfuel  of  the  body? 

A.  Food  is  the  fuel  of  the  body.  The 
carbon  of  the  food,  mixing  with  the  oxygen 
of  the  air,  evolves  heat,  in  the  same  way 
that  a  fire  or  candle  does. 

1136. 

Q.  How  is  food  converted  into  blood  ? 

A.  After  it  is  swallowed,  it  is  dissolved 
in  the  stomach  into  a  grey  pulp,  called 
Chyme ;  it  then  passes  into  the  intestines, 
and  is  converted  by  the  "bile"  into  a  mWcy 
svbstance,  called  chvle. 

1137. 

Q.  Wbat  becomes  of  the  milky  substance 
called  chyle  ? 

A.  It  is  absorbed  by  the  vessels  called 
"lacteals,"  and  poured  into  the  veins  on  the 
kft  side  of  the  Tieck. 
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113a 
t  becomes  of  the  chyle,  of. 
■  the  veins? 
A.  It  mingles  with  the  blood,  and  is  itself 
converted  into  blood  also. 

1139. 

Q.  How  does  the  oxygen  we  inhale  mingi 
with  the  blood  ? 

A,  The  oxygen  of  the  air  mingles  withj 
the  blood  in  the  lungs,  and  converts  it  i 
a  bright  red  color. 

1140. 

Q.  How  does  oxygen  convert  the  color  otm 
blood  into  a  bright  red  ? 

A.  The  coloring  matter  of  the  blood  Is 
formed  by  very  minute  gMmUs  floating  in 
it ;  the  oxygen  (uniting  with  the  coats  of 
these  globules)  makes  them  milky — and  the 
dark  coloring  matter  of  the  blood  (seen 
through  this  milky  coat)  appears  of  a  bright 
red. 


Mlmnnlitli 


'C" 


I  Bppoqr  Qf  B  hriehi 


InlD  ■  Tfn'ltv  ilu*,  ai 
■Kl  Jhrii  color  lite 


Q.  What  color  is  the  blood  before  it  ii^ 
oxidized  in  the  lungs  ? 

A.  A  dark  ptcrple.  The  oxygen  turns  1^ 
to  a  bright  red. 

Olldilcil,  llial  u,  jmpreEnalsd  with  oXTgcn. 
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1142. 

Q.  y^hy  are  persons  80  pale,  who  live  iti 
close  rooms  nnd  rities  ? 

A.  Because  the  blood  derives  its  redness 
fi-om  the  ox7/gen  of  the  air  inhaled ;  but,  as 
file  air  in  close  rooms  and  cities  is  not  fresh, 
it  is  dejkient  in  oxygen,  and  cannot  turn  the 
blood  to  a  beautiful  bright  red, 

1143, 

Q,  Wliy  are  persons,  who  live  in  the  open 
'  air  and  in  the  country,  of  a  ruddi/  com- 
plexion ? 

A.  Because  they  inhale  fresh  air  which 
has  its  full  proportion  of  oxygen  ;  and  the 
blood  derives  its  bright  red  color  from  the 
oxygen  of  the  air  inhaled. 

1144. 

Q.  Why  is  not  the  air  in  cities  so  fresh  as 
I  that  in  the  country  ? 

A.  Because  it  is  impregnated  with  the 
bncUh  of  its  numerous  inhabitants,  the  odor 
of  its  sewers,  i\iB  smoke  of  its  j^res,  and  many 
Loiher  impurities. 

1145. 

Q.  Why  do  we  feel  lazy  and  averse  to 
activity  in  very  hot  weather? 
A.  Ist. — Because  muscular  activity  in- 


creases  the  heat  of  the  body,  by  quickenin 
the  respiration;  and 

2nd. — The  food  we  eat  in  hot  wejithe  j 
(not  being  greasy)  naturally  abates  our  d&I 
sire  for  bodily  activity. 

1146, 

Q.  Why  are  the  Esquimaux  so  paseionJ 
ately  fond  of  train  oil  and  whde  Uvbber  ? 

A.  Becauae  oil  aud  blubber  contain  large 
quantities  of  carbon  and  hydrogen,  which  are 
exceedingly  combustible ;  and,  as  these 
people  live  in  climates  of  intense  cold,  the 
beat  of  their  bodies  is  increased  by  the 
greasy  nature  of  their  food. 

1147. 

Q.  Why  do  we  like  strong  meat  and  greasyjm 
Ibod  when  the  weather  is  very  cold  ? 

A.  Because  strong  meat  and  grease  con- 
tain large  portions  of  carbon  and  hydrogen  ; 
which,  (when  burned  in  the  blood)  produce  , 
a  lor^r  amount  of  heat  than  any  other  kind  j 
of  food. 

1148, 

Q,  Why  do  persons  eat  more  food  in  co/rf| 
weather  than  in  hot  ? 

A,  Because  tlie  body  requires  more  fuel  ' 
in  cold  weather  to  keep  up  the  same  amount  of 
animd  heat;  and  as  we  put  more  coals  on  a 
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^^^^.  fire  on  a  cold  day,  to  keep  oui'  room  wtum  , 
^^^m  m  we  eat  more  food  on  a  cold  day,  to  keep 
^^^K.our  bodi/  warm 

^^^B       Q.  Why  do  wo  like  fruits  and  vcgttahlr-x 

^^^B  most  in  hot  weatlier  ?  » 

^^Hf     A.  Because    they  contain  less   hydrogi-n 

^^^P  mid  carbon  than  meat ;  and,  therefore,  pro- 

^^^B  duce  both  less  blood,  and  blood  of  a  less  com- 

^^V  bustible  nature. 

^^H  1 

^^H  Q.  Why  do  we  feel  a  dislike  to  strong 
^^^K  meat  and  greasy  food  in  very  hot  weather  ? 
^^"  A.  Because  strong  meat  and  grease  con- 
'  tain  so  much  carbon  and  hydrogen,  tliat  they 

would  make  us  intensely  hot-;  we  therefore, 
instinctively  refuse  them  in  hot  weather. 

1151. 

Q.  Why  do  the  inhabitants  of  troptcat 

,  countries  live  chiefly  upon  rice  and  fruit  ? 

A.  Because  rice  and  fruit  (by  digestion) 

are  mainly   converted  into   water;  and    (by 

cooling  the  blood)  prevent  the  tropical  heat 

I  (rom  feeling  so  oppressive. 

1152, 

3-  Why  is  the  blood  of  a  less  cotb^jm- 
tible  nature,  if  we  live  chiefly  upon  frmts 

and  vegetables? 


A,  Because  fruits  and  vegetables  supply 
the  blood  with  a  very  large  amount  of  i 
fer ;  "which  is  not  combustible,  like  the  ranM 

bon  and  hi/drogen  of  strong  meat. 

1153. 

Q.  How  do  fruits  and  vegetables  cool  the 
Ijloodf 

A.  Ist. — They  diminish  the  amount  of 
carbon  and  hi/drogen  in  the  blood,  which  are  g 
the  chief  causes  of  animal  heat;  and 

2nd. — They  supply  the  blood  with  al 
large  amount  of  water,  which  esudes  Ihrougir 
the  skin,  and  leaves  the  body  cool. 

BBOnoK  II. — HOKGEE. 
1154. 

Q.  Why  does  cold  produce  hunger  ? 

A.  1st. — Because  the  air  contains  more 
oxygen  in   cold   weather ;    and,    therefore, 
frts  bvrn  more  fiercely,  and  animal  combustion  m 
ii  more  rapid ;  and 

2nd. — As  we    are  more   active   in    colij 
ireather,  om-  increased  respiration  acts  lik^ 
i  poir  of  bellows  on  the  capillary  combusJ^ 


Q.  Why  does  rapid  digestion  produce  i 


.raaving  appetite? 
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A.  This  18  a  wise  providence  to  keep  our 
bodies  in  health  ;  they  give  notice  (by  hun- 
ger} that  the  capillary  fires  need  replenishing, 
m  order  that  the  body  itself  may  not  be 
consumed. 

1156. 

Q.  Why  do  we  feel  a  desire  for  activity 
in  cold  weather. 

A.  1st. — Because  activity  increases  the 
warmth  of  the  body,  by  fanning  the  combvS' 
fion  of  the  blood  ;  and 

2nd. — The  strong  food  we  eat  creates  a 
desire  for  muscular  exertion. 

1157. 

Q.  Why  does  reading  doud  make  us  fed 
hungry  1 

A.  Because  it  increases  respiration ;  and 
'  as  THore  oxygen  is  introduced  into  the  lungs, 

I  our  food-fuel  is  more  rapidly  consumed. 

1153. 

Q.  Why  do  we  feel  less  hungry  in  the 
night  than  in  the  day  ? 

A.  Because  we  breathe  more  slowly  during 
sleep ;  therefore,  less  oxygen  is  introduced 
I  into  the  lunga,  to  consume  our  food-fud. 

1159, 

Q.  Why  does  hard  work  produce  hunger  ? 
A.  Because  it   produces  quicker  respxa- 


:  by  which  means,   a  larger  amount  of 

fen  is  introduced  into  the  lungs,  and  the 

H^iUary  combitstion  increased.     Hunger  is  t' 
no  ice  (given  by  our  body)  to  remind  i 

«jur  food-fuel  mast  be  replenished. 
1160. 
Why  have  persons  who  follow  hard, 
f-doors  occupations  more  appetite  than 
!  who  are  engaged  in  sedentary  pui^  I 
suite? 

A.  Hard  bodily  labor  in  the  open  air 
causes  much  oxygen  to  be  conveyed  into  the 
luTigs  by  inspiration  ;  the  combustion  of  the 
food  is  carried  on  quickly ;  animal  heat  in- 
creased ;  and  need  for  nutritious  food  more 
quickly  indicated  by  craving  hunger. 


Q.  Why  have  persons  who  follow  seden- 
tary pursuits  less  appetite  than  ploughmen 
and  masons? 

A.  1st. — Because  the  air  they  inhale  is 
Uss  pure,  being  deprived  of  some  of  itsosy-, 
(^n :  and 

Slid. — Their  respiration  is  neither  , 
quick,  nor  so  strong;  and,  therefore,  the  com 
bustion  of  their  food  is  carried  on  moi 
plowly. 
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1162. 

Q.  Why  do  persons  feel  lazy  and  averne 
to  exercise  when  they  are  hdf'Starved  or 
ill'fed  ? 

A.  Animal  food  contains  great  nourish* 
nient,  and  produces  a  desire  for  active  occu- 
pations ;  but,  when  the  body  is  not  sup- 
pUed  with  strong  food,  this  desire  for  mus- 
cular action  ceases,  and  the  person  grows 
slothful. 

1163. 

Q.  Why  does  singing  make  us  hungry? 

A.  Because  it  increases  respiration  ;  and, 
as  more  oxygen  is  introduced  into  the  lungs, 
our  food-fuel  is  more  rapidly  consumed. 

1164. 

Q.  Why  are  the  ill- fed  mstinctively  averse 
to  cleanliness? 

A.  Because  cleanliness  increases  hunger, 
which  they  cannot  allay  by  food. 

1165. 

Q.  Why  does  a  man  shrink  when  starved? 

A.  Because  the  capillary  fires  feed  upon 
the  human  body;  when  they  are  not  sup- 
l)lied  with  food-fuel.  A  starved  man 
shrinks,  just  as  a  fire  does,  when  it  is  not  sup- 
plied with  fuel. 


s  starved  what  parts  of 


Wfien  a  man  i 
Jy  go  first  ? 
A.  First  the  /(rf,  because  it  is  the  most 
i:ombustible  ;  then  the  muscles  ;  last  of  all 
Ihe  brain;  and  then  the  man  dies,  lilie  i 
landle  which  is  burnt  out. 

1167. 

Q.  Why  does  want  of  sufficient  nourish-^ 
ment  often  produce  n 

A.  Because  after  the  fat  and  musdes  of 
the  body  have  been  consumed  by  animal 
combustion,  the  brain  is  next  attacked ;  and 
(unless  the  patient  dies)  madness  ejisues. 


I    \ttni( 


CHAP,  v.— SLEEP. 

1168. 

Q.  What  is  sleep  ? 
A.  Sleep  is  the  rest  of  the  brain  and  ner- 
vous system. 

1169, 

Q.  Why  have  dreamers  no  power  of  jwcfe- 
ment  or  reason  ? 

A.  Because  the  "cerebrum"  (oi  front  of 
the  brain)  is  inactive  and  at  rest. 

1170. 

Q.  Why  can  we  not  see,  when  we  are 
(wleep  >vith  ovi  eyes  open  ? 
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A.  Because  the  "retina  of  the    eye"  is 
finactive  and  at  rest. 

1171. 

Q.  Why  can  we  not  hear  in  sleep  ? 
A.  Because  the  nerve  of  hearing  (seated 
Iwithin  the  tympanum  of  the  ear)  is  at  rest. 

1172 

Why  can  we  not  fed  when  we  are 
'  asleep  ? 

A.  Because  the  ends  of  the  nerves  (called 
papillie)  situated  in  the  skin,  are  inactive 
l_tffid  at  rest. 

1173. 

Why  can  we  not  taste  when  we  ore 


A.  Because  the  nerves  at  the  end  of  the 
tongue  (called  papillae)  are  inactive  and  at 
rest. 

1174. 

Q.  Why  have  persons  in  sleep  no  will  of 
their  own,  but  may  be  moved  at  the  will 
of  any  one  ? 

A.  Because  the  "cerebellum"  (or  pos- 
terior part  of  the  brain)  is  inactive  and  at 
rest. 

1175. 

Q.  Why  does  a  person  feel  when  he  is 
touched  ? 
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A.  Because  the  ends  of  certain  nerves 
(called  ^^ papiUcB^*)  situated  in  the  sldn,  are 
excited;  and  produce  a  nervous  sensation 
called  feding. 

1176. 

Q.  Why  do  some  persons  lose  all  power 
of  sensation? 

A.  Because  the  ^^cerebrum^^  (or  front  of 
their  brain)  lias  been  injured. 

1177. 

Q.  Why  are  persons  able  to  taste  differ- 
ent flavors  ? 

A.  Because  the  ^^ papilla*^  of  the  tongue 
and  palate  are  excited  when  food  touches 
them,  and  produce  a  nervous  sensation 
called  taste. 

1178. 

Q.  Why  is  a  dead  man  taller  than  a  liv- 
ing one? 

A.  Because  at  death  the  cartilages  are  re- 
laxed. So,  also,  after  a  night's  rest,  a  man 
18  tc^-er  than  when  he  went  to  bed. 


CHAP.  VI.— ACIDS. 

1179 

Q.  Why  does  pyi'oligneous  acid  preserve 
meaty  and  remove  its  taint  ? 

(Pyroligneons  acid,  is  vinegar  extracted  from  wood  J 
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I  A.  Because  it  contains  a  small  quantity 
I  of  creasote,  wliich  is  a  great  preservative 
I  of  all  animal  substances. 

I  OtEDtolB  from  llic  Grfek  worill  Jcpur  gmu  (anh,]  iinil  (ru^u  uzo  (I 
I,  live,)  ail  eitrect  rrom  lti«  oil  of  Inr,  and  a  powccful  inlUeplie. 

I  1180 

f  Q.  Why  are  unripe  apples  and  goosebeT' 
I  ries  sour  ? 

A.  Because  they  contain  mdic  acid. 

Mnlle  tiom  Iti«  Lalin  wntd  nuluin,  «  apfli. 
1181. 

Q.  Wliy  does  tanning  hides  convert  them 
into  leather  ? 

A.  Because  oak  bark  contains /oMwic  add; 
and  on  evaporation,  this  acid  precipitates  a 
solution  o^  glue  upon  the  hides,  which  can- 
verts  them  into  leather. 

1182. 

Q,  Why  do  old  wine  casks  smell  offensivdy? 

A.  Because  wine  (and  whiskey)  contain 
an  acid  called  cenanthic  acid ;  which  unites 
with  the  alcohol  of  the  wine,  and  forma  a 

alt  of  an  offensive  smell. 


•ul.)  ths  I 


'elhyWr 


WTiy   are   limes,   hmons,    and  vnripe 
cranges  sour  ? 


.  Because  they  contain  citric  acid. 

1184. 

Q.  Why  are  tamarinds  and  unrips  gropes 
tour  ? 

A.  Because  they  contain  tartaric  acid. 

•riiK :  Mlmriiig,  liken  hard  cnn  ui  Ihc  •idct  oflbe  ra«ki. 
11S5. 

Q.  Why  does  rmn?.t  ciirdk  milk  ' 

A.  Because  it  converts  the  su^ir  of  milk 

into  lactic  acid,  which  mixes  with  the  casein 

and  coagulates  it. 

Hennrt  !■  thq  ;iTerar?d  inner  memhrancoflhEti'rmach  of  acqlf;  and  tt 
wo  C4lled  frtna  tbo  dfl'nnD  word  liuDcii  (10  cnrdLe,) 

1186. 

Q.  Wliy  does  sour  milk  curdle  ? 

A.  Milk  consists  of  five  ingredients :  1, 
casein,  or  curd;  2,  butter;  3,  sugar;  4,  wa- 
ter ;  5,  certain  salts. 

The  casein,  or  curd  of  sweet  milk  Is  like 
the  white  of  an  ejtg  before  it  is  boiled  ;  but 
tlie  casein,  or  curd  of  sotir  milk  is  like  the 
white  of  an  egg  after  it  is  boiled. 

This  casein,  or  curd  of  milk,  ia  coagulated 
by  acids.  When  milk  is  sour  the  lactic  add 
of  the  sour  milk,  mixing  with  the  casehi, 
coagtdaies  it ;  in  consequence  of  which,  it 
•eparates  from  the  water,  and  becomes  an 
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insoluble  mass;  or,  in  other  words,  the  milk 
curdles. 

*'  I^ctiA  r  "tid,"  (from  the  Latin  word  Lac,  milk)  is  the  acid  of  eovr 
milk.  Bv:  it  is  found  in  seventl  other  eub^tances  also,  as  in  the  fermented 
tuise  of  l^eel-root,  turuipa,  currots,  rice-vrater,  tannii^^-bark,  etc. 

1187. 

Q.  Why  is  vinegar  sour  ? 

A.  Because  it  contains  acetic  acid. 

Acetic,  from  the  Saxon  word  (oeced,)  vinegar;  whence,  also,  oar  word 
EMd ;  thK  is,  like  vinegar. 

1188. 

Q  If  wine  or  beer  be  imperfectly  corked, 
why  does  it  rapidly  turn  sour  ? 

A.  Because  air  gets  into  the  liquor ;  and 
the  oxygen  of  the  air,  combining  with  the 
alcohol  of  the  liquor,  produces  acetic  acid, 
(or  vinegar.) 


CHAP.  VII.— OILS 

1189. 

Q.  Of  what  is  soap  made  ? 

A.  Of  kelp  (or  the  ashes  of  sea-weed  dried 
and  burnt  in  a  pit)  mixed  with  oil  or  fat. 

Yellow  soap  is  made  of  whale  oil,  soda,  and  resin.    Soft  soap  is  made 
of  oil  and  potash.    Hard  soap,  of  oil  and  soda. 

1190. 

Q.  Why  does  soap,  when  laid  on  paint, 
destroy  it? 

A.  Because  the  soda  or  potash  of  which 
the  soap  is  composed,  destroys  or  neutral* 


ixee  the  oil  in  the  paint,  and  sets  the  colca 
ing  matter  free. 

1191. 

Q.  Why  does  soapy  water  "lather?" 

A.  Because  eoap  makes  the  water  tem_ 

cious,  and  prevents  its  bubbles  of  air  froit 

bursting.     "Lather"  is  only  an  accumulaJ 

tion  of  air  bubbles. 

Any  iDtHUncB  ii  u<d  r  d  be  lenciooi,  which  kaMi/ox  ol  n 
1192 

Q.  Why   is   it   impossible   to   write  ■ 
greasy  paper? 

A.  Because  grease  has  no  affinity  for  wid 
ter  or  ink,  and,  therefore,  will  not  mix  witif  ■ 
it. 

1193. 

Q.  Why  does  turpentine  take  out  grease- 
spots  from  cloth  ? 

A.  Because  turpentine  dissolves  jixed  oils. 


Q.  Why  is  mutton  fat,  etc.,  solid,  and  not 
liquid  ? 

A.  Because  fat  contains  a  predominance 
of  solid  stearins;  and  only  a  very  small 
liiantity  of  the  liquid  oily  substance  called 
Utine.    On  the  other  hand,  oil  contauis  more 
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of  tlie  liquid  oleiney  and  less  of  the  solid  mat- 
ter called  stearine. 

1195. 

Q  Why  is  butter  hard  in  cold  weather  ^ 
and  soft  in  warm? 

A.  Because  in  winter  the  weather  is  too 
cold  to  melt .  the  stearine^  and  the  butter  is 
solid  ;  but  the  heat  of  summer  dissolves  it, 
or  holds  it  in  solution  in  the  oily  substance 
called  oleine,  and  the  butter  is  soft  and 
liquid. 

1196. 

Q.  Why  does  oil  become  thick  in  winter 
time? 

A.  1st. — Because  it  is  condensed  by  the 
cold,  and  rendered  more  solid ;  and 

2nd. — Because  the  "stearine,"  which  is 
held  in  solution  in  warm  weather,  is  sepa- 
rated by  the  action  of  the  cold,  and  de- 
posited as  a  thick  white  and  almost  solid 
substance. 

"Slearine,"  (from  the  Greek  word  Trsap  [stearl  stut^)  is  the  solid  oi 
hard  ingredient  of  all  fat,  suet,  oil,  etc.  The  soft  or  liquid  part  eed.ed 
oleine,  from  ihe  Latin  word  oleum,  (oil.) 

1197. 

Q.  What  is  the  diflference  in  composition 
between  hard  and  soft  soap? 

A.  Hard  soap  is  made  of  soda,  and  soft 
soap  is  made  of  potash. 
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1198. 

Q.  Soap  is  made  of  oil  or  fat.  How  is  it 
Ihat  oil  and  fat  make  water  greasy,  where- 
as, soap  destroys  grease  ? 

A.  Oil  contains  two  parts :  the  solid  part 
called  steariney  and  the  liquid  part  called 
deine. 

Stearine  of  oil  is  not  soluble  in  water;  but 
when  soda  or  potash  is  mixed  with  it,  the 
oily  principle  flies  oflF,  and  the  stearine  is 
converted  into  an  oxide  of  potassium,  which 
is  quite  soluble  in  water. 

Stearine.  from  the  Greek  word  Trtap  stear,  (saet :)  the  arid  of  stearine 
niiitca  witn  the  soda  or  potash,  and  the  oily  principle  called  glyuriM  flies 
off. 

Oxide  of  potassinm  is  the  fandaraental  part  of  potash ;  it  is  what  che* 
mists  call  a  metallic  oxide. 

1199. 

Q.  From  what  is  sdad  oil  made  ? 

A.  It  is  expressed  from  the  fruit  of  the 
dive  tree.  The  best  olive,  or  salad  oil,  is 
extracted  from  the  fruit  by  gentle  pressiu'e 
in  the  cold. 

There  are  other  qualities  inferior  to  this, 
in  which  heat  aids  the  extraction  of  the  oil. 

1200. 

Q.  Why  does  churning  cream  convert  it 
into  lifter? 

A.  Cream  is  the  fat  or  hutter  of  milk  con- 
tained in  little  globular  cases  of  albumen 
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I 

^^^H  By  churaing,  this  film  or  envelope  of 
^^^f  Wbumen  is  broken,  and  the  butter  or  fat  set 
V  free. 

I  The  flabnlt 


IwUDf  atenl  miJk,  bj  mHuia  at  a  (ulenbli  miMroKHpe. 
1201. 

Q.  What  is  Indian-rvbber  ? 

A.  Indian-rubber,  or  caoufckouc,  is  a 
vegetable  substance,  existing  in  the  milky 
juices  of  several  species  of  the  ficus,  and 
oxidized  in  contact  with  the  air. 

1202. 

Q.  What  is  gutta  percha  ? 

A,  It  is  the  juice  of  a  tree  which  grows 
in  Malacca,  Borneo,  and  their  vicinities,  and 
becomes  oxidized  in  contact  with  the  air. 

u  hi|;hlv  clitic  when   hei>L«l  to  I4fi<>    hoi   liaidnu 


ANTirOTES  FOR  POISONS. 


Q.  What  is  the  best  treatment  for  one 
who  has  swallowed  pnissic  acid  ? 

A.  Apply  diluted  ammonia,  (hartshorn.) 
to  the  nostrils,  and  let  a  stream  of  cold  wa- 
ter from  a  pitcher  fall  from  some  height  on 
the  region  of  the  spine. 

Electrical  shocks  are  said  to  be  very 
beneficial  also. 


Q,  K  corrosive  siMimale  has  been  swalli 
ed,  what  is  the  best  antidote  ? 

A.  Albumen,  that  is,  the  white  of  an  egg- 
the  yolk  of  the  egg  also  contains  albumei 
together  with  an  oil,  which  is  a  good  anti- 
dote against  this  poison. 

Flour  and  water  mixed  to  the  consistence 
of  a  smooth  paste,  have  proved  efficacious. 

1206 

Q.  If  an  over-dose  of  laudanum  has  been 
taken,  what  is  the  best  antidote  ? 

A.  Iodine,  three  grains  ;  iodide  of  po- 
tassium, sis  grains;  water,  one  pint; — to  be 
given  in  doses  of  a  wine-g^lassful. 

Vomiting  should  be  promoted  by  emetics. 

Electro-magnetiam  is  often  efficacious  uT 
restoring  the  nervous  sensibilities. 
2S 


loi^^H 
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1207. 

Q.  If  a  person  should  swallow  oxalic  adi^ 
what  is  the  best  antidote  ? 

A.  Chalk  or  magnesia  mixed  with  a  little 
water. 

1208. 

Q.  What  is  the  best  antidote  to  verdigris? 
A.  Sugar ^  or  the  white  of  egg. 

1209. 

Q.    If  chlorine  gas  has  been  taken,  im- 
moderately, what  is  the  best  antidote  ? 

A.  Removal  to  a  current  of  fresh  air^  and 
the  inhalation  of  ammonia,  (hartshorn.) 

1210. 

Q.  Why  is  strong  green  tea  unwholesome  ? 

A.  Because  it  contains  prussic  acidy  which 
destroys  the  nervous  system . 

1211, 

Q.  Why  will  strong  Souchong  tea  poison 
flies  ? 

A.  Because  it  contains  prussic  acidy  which 
destroys  their  nervous  system. 


PART   V. 

METEOROLOGY. 


CHAP.    L— ATMOSPHERE. 

1212. 

Q.  What  is  meteorology  ? 

A..  It  is  a  science  which  has  for  its  ob- 
ject the  investigation  of  the  changes  which 
are  constantly  taking  place  in  the  atmo- 
sphere. The  knowledge  of  the  alterations 
of  the  weather,  and  the  laws  which  govern 
these  alterations,  is  styled  weather-wisdom  or 
meteorologi/. 

1213. 

Q.  Of  what  is  atmospheric  air  composed  ? 

A.  Principally  of  two  gases,  oxygen  and 
vitrogeUy  mixed  together  in  the  following 
proportion :  viz.,  1  gallon  of  oxygen  to  4 
of  nitrogen. 

It  masn  not  be  forjrotten  that  the  air  contains  small  quantities  of  other 
gaseous  substances  also,  as  vapor  of  toater,  carbonic  aetd,  and  ammonia. 

J214. 

Q.  What  do  you  mean  by  a  gas  ? 
A.  An  elastic  fluid  resembling  air. 

N.  B   Most  gases  are  invisible  or  colorless,  like  air- 
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"  liXAtTic." — In  tnis  re«peet  gas  dlfiers  from  a  liqtdd  which  is  almoat 
faidastie ;  whereas  gas  is  exceedingly  elastic. 

"  RssBMBLiNO  AIR,"  Of  aerifomu  The  word  **  Gas  "  means  air,  Imt 
air  is  a  compound  of  two  gaMs.  Some  few  gases  are  visible,  as  rSLo* 
miHC,  which  is  a  greenish  yellow. 

1215. 

Q.  How  is  the  air  heated  ? 

A.  By  convection^  thus : — The  sun  heats 
the  earthy  and  the  earth  heats  the  air  resting 
upon  it ;  the  air  thus  heated  riises,  and  is 
succeeded  by  other  air,  which  is  heated  in  a 
similar  way;  till  the  whole  volume  is 
wanned  by  "convective  currents/' 

1216. 

Q.  What  is  meant  by  **  convective  cur- 
rents  "  of  hot  air  ? 

A.-  Streams  of  air  heated  by  the  earth, 
which  rise  upwards^  and  carry  heat  with 
them. 

1217. 

Q.  Does  the  sun  heat  the  air  as  it  does 
the  earth  ? 

A.  No ;  the  air  is  not  heated  by  the  rays 
of  the  sun ;  because  air  (like  water)  is  a 
very  bad  conductor. 

1218 

Q.  How  is  the  air  made  cold  ? 

A.  The  air  resting  on  the  earth  is  made 
cold  by  contact ;  this  cold  air  makes  the  air 
above  it  cold  ;  and  cold  currents  for  winds) 
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s/iake  the  whole  together,  till  all  becomes  of 
one  temperature, 

1219. 

Q.  How  is  the  air  made  /lot  or  cdd? 
A.  Bj  convection  of  hot  or  cdd  currenl 

1220. 

Q.  Explain  this. 

A.  The  air  which  has  been  heated 
the  surface  of  the  earth  ascends,  warming 
the  air  through  which  it  passes.  Otlier 
air  (being  warmed  in  a  similar  way)  also 
ascends,  carrying  h^at;  and  this  is  repeated, 
till  all  the  air  is  made  hot. 

1221, 

Q.  What  effect  is  produced  upon  air  by 
coW. 

A.  It  is  conderised,  or  squeezed  into  a 
smaller  compass ;  in  consequence  of  which, 
il  becomes  heavier,  and  descends  towards  the^ 
ground. 


Q.  Prove  that  air  is  condensed  by  coid: 

A.  Lay  a  bladder  half  full  of  air  befora 

ft  6re,  till  it  has  become  fully  injlaied;  if  it 

I      be  now  removed  from  the  fire,  the  bladder 

I      will  collapse  again,    because    the    air   con- 

tienses  into  its  former  bulk. 
^^  28- 


^^ 

ler 

Iso  I 


le I 


Q.  IIow  do  you  know  that  condensed  air 

"I  descend  ? 
i.  Because  a  fire  balloon  faUs  to   the 

irth,  so  soon  as  the  spirit  in  the  cotton  is 
mrnt  out,  and  the  air  of  the  balloon  has  be 
»me  cold  again. 

1224. 

Q.  What  is  meant  by  the  bladder  "eol~ 


^ 
^ 


A.  The  skin  becoming  wrinkled,  shri- 
velled, (md  flabby ;  because  there  is  not  suffi- 
cient air  inside  to  flll  it. 

1225. 

Q.  Why  do  persons,  who  ascend  in  balloons, 
/eel  pain  in  their  eyes,  ears,  and  chest  ? 

A.  Because  the  air  in  the  upper  regions 
of  the  atmosphere  is  more  rare  than  the  air 
in  their  bodies ;  and  (till  equilibrium  is  re- 
stored) pain  will  be  felt  in  the  more  sensi- 
tive parts  of  the  body. 


Q.  Why  do  persons  who  descendia  diving- 
'jelk,  feel  pain  in  their  eyes,  ears,  and  chest  I 

A.  Because  the  air  in  the  diving-bell  ia 
compressed  by  the  upward  pressure  of  the 
water ;    in    consequence    of   which,    great 
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pain  is  felt  in  the  more  sensitive  parts  < 
the  body. 


Q.  Why  do  we  feel  oppressed  just 
vious  to  a  storm  ? 

A.  Because  the  air  is  greatly  rareJU 

heat  and  vapor;  and  the  air  within  us  (seelS 

ing  to  become  of  the  same  rarity)  product 

an  oppressive  and  suffocating  feeling, 

122a 

Q.  How  do  you  know  that  the  densilg 
of  the  air  is  lowered,  previoua  to  a  storm  f 

A.  Because  the  mercury  of  a  barometc 
rapidly  falls. 

1229. 

Q.  Why  do  cellars  feel  warm  in  winter  ? 

A.  Because  the  external  air  has  not  free 
access  into  them;  in  consequence  of  which, 
they  remain  almost  at  an  even  temperature — 
which  (in  winter  time)  is  about  10"  warmer 
ttOD  the  external  air. 

1230. 

i  Why  do  cellars  feel  cold  in  summer  ? 
*A.  Because  the  external  air  has  not  free  ' 
access  into  them ;  in  consequence  of  which, 
they  remain  alm:ist  at  an  even  temperature — 
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I  iffaich  (in  summer  time)  is  about  10°  colder 
\  than  the  external  air. 


Q.  Why  is  it  often  painful  and  difficult 
I  to  breathe,  on  a  mountain-top  1 

A.  Because  the  pressure  of  air  on  the 
mountain-top  is  not  so  great  as  it  is  on  the 
plain;  and  the  air  inside  our  bodies  (seek- 
ing to  become  of  the  same  rarity)  bursts 
through  the  pores  of  tlis  body  and  produces 
great  pain 

1232. 

Q.  What  eilect  has  he<^  upon  the  air  1 
A.  Heat  rarejks  the  air  and  causes  it  to 
I  e3:pand. 

1233. 

Q.  How  do  you  know  that  heat  causes  the 
air  to  expand  ? 

A.  Thus,  if  a  bladder  half  fidl  of  air 
(tied  tight  round  the  neck)  be  laid  before  a 
fire,  the  air  will  expand  by  the  heat,  and 
jUl  the  bladder. 

1334. 

Q.  What  is  a  harometer  ? 

A.  A  weather-glass,  or  instrument  to 
measure  the  variations  in  the  weight  of 
the  air ;    by    means  of    which  variaticns. 


1 
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we  may  judge  what  weather  may  be  ex- 
pected. 

1235. 

Q.  What,  is  a  thermometer? 
A.  Au  instrument  to  show  how  hot  or 
cold  anything  is. 

;bMt)  oik)  (tfrpo.  mtunn  (mcMutc.) 

1236. 

Q.  TVhat  is  the  difference  between  a  ther- 
mo?aeler  and  a  barometer  ? 

A.  In  a  thermometer  the  mercury  is  sealed 
up  from  the  air  ;  and  rises  or  faUs,  as  the 
Tarying  temperature  of  the  air  expands  or 
Contracts  it ;  but 

In  a  barometer  the  mercury  ia  left  exposed 
(or  open)  to  the  air,  at  its  lower  extremity, 
tuid  rises  or  falls,  as  the  varying  weight  of 
the  air  presses  upon  the  open  column. 

1237. 

Q.  If  the  mercury  of  the  thermometer  be 
sealed  up  from  the  air,  how  can  the  air  a/- 
fed  it  ? 

A.  Tlie  heat  of  the  air  passes  through 
the  glass  tvbe  into  the  mercury,  which 
causes  the  metal  to  expand  and  rise  in  the 
tube. 
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1238. 

Q.  WTiy  is  the  tube  of  a  barometer  left 
open? 

A.  That  the  air  may  press  upon  it  freely; 
and,  as  this  pressure  varies,  the  mercury 
ises  or  falls  in  the  tube. 

The  top  of  the  tube  most  be  a  **  v€uuum  ;*'  otherwise  the  prearare  of 
the  external  air  npon  the  lower  part  of  the  colnmn  cannot  affect  tiM 
mercury. 

1239. 

Q.  How  can  a  barometer,  which  mea- 
sures the  weight  of  air,  be  of  service  aa  a 
weather  glass  ? 

A.  When  air  is  moist y  or  filled  with  vapor, 
it  is  lighter  than  usual ;  and  the  column  of 
mercury  stands  low  ; 

When  air  is  dry  and  free  from  vapor,  it 
is  heavier  than  usual;  and  the  mercury 
stands  high .  Thus  the  barometer  (by  show- 
ing the  variations  in  the  weight  of  the  air) 
indicates  the  changes  of  the  weather  also. 

1240. 

Q.  The  height  of  mountains  may  be  ascer- 
tained by  a  barometer;  explain  the  reason 
of  this  ? 

A.  As  we  ascend  a  high  mountain,  the 
quantity  of  air  above  us  becomes  less  and 
less  every  step  we  ascend,  and  requires  less 
mercury  to  balance  it ;  in  consequence  of 


wliicb,   the   mercury  in    the  tube   of  the 
barometer  fails. 

Ifa  pila  nT  bnolu  be  pJaCed  on  a  table.  Ihe  boLtolD  IxHik  will  lUill^R  UlE 
an*  wdgbl,  uhI  STery  bonk  w 

Iki  tatfuu  of  Ihc  urlh  mMmbl 
uecirf  •  twiBBiiiB,  toB  quanilty  of 

Par  mruimi  oaroattM,  we  may  u 
dnl  Am  of  prrpeiidMor  heighl,  I 
hah.    If.  tt         -     -     ■        -  - 


will  fall  01 


Bfteeu  hundred  fesl  Ugb. 
1241. 

Q.  Why  can  you  tell  (by  looking  at  a 
btzrometcr)  what  kind  of  vmather  it  will  be  ? 

A.  Because  the  mercury  in  the  tube  n'ses 
and  fails,  as  the  air  becomes  heavier  or 
lighter ;  and  we  can  generally  tell  by  the 
might  of  the  air,  what  kind  of  weather  to 
expect. 

1242. 

Q.  What  use  ia  a  barometer  to  sailors  ? 
A.  It  warns  them  to  regulate  their  skips, 
before  squalls  come  on. 

1243. 

Q.  How  can  a  barometer  warn  sailors  to 
regulate  their  ships? 

A.  As  it  indicates  when  wind,  rain,  and 
storm  are  at  hand,  the  sailor  can  make  his 
ship  Irim  before  they  overtake  him. 
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CHAP.  U.— WINDS. 
1244. 

What  is  wind? 
Wind  is  air  in  motion. 


Q.  What  puis  the  air  in  motion,  so  as  to 
produce  wind? 

A.  The  principal  causes  are  the  uon'irfzbn* 
I  o/heat  and  cold,  produced  by  the  succeasion 
I  of  day  and  night,  and  of  the  four  seasons. 

1246. 

,       Q.  Wliat  is  the  cause  of  wind  ? 

A.  The  sun  heats  the  earth,  and  the  earth 
heats  the  air  resting  upon  it ;  as  the  warm 
air  ascends,  the  void  is  filled  up  by  a  rusk 
of  cold  air  to  the  place ;  and  this  rusk  of  air 
we  call  wind, 

1247. 

Q.  Does  the  wind  dways  blow  ? 

A.  Yes;  there  Is  always  some  motion  in 
the  air ;  but  the  violence  of  the  motion  is 
perpetually  varying. 

124B. 

Q.  Does  the  rotation  of  the  earth  iqmn 
fits  axis  effect  the  motion  of  the  air  ? 

A.  Yes,  in  two  ways.  1st. — As  the  earth 
moves  round  its  axis,  the  thin  moveable  air 
is  left  somewhat  behind;    and,   therefore. 


aeems  (to  a  stationary  object)  to  be  blowinJ 
in  the  opposite  direction  to  the  earth's  m<s 
don;  aud 

2nd. — As  the  earth   revolves,  dififereni 
portions  of  its  surface  are  continually  paj 
ing  under  the  vertical  rays  of  the  sun. 

1249. 

Q.  When  are  the  rays  of  the  sun  callec 
"verlicd  rays?" 

A.  When  the  sun  is  m  a  direct  line  above 
any  place,  his  rays  are  said  to  be  "vertical" 
to  that  place. 

1250, 

Q.  Illustrate  the  manner  in  which  th< 
earth's  surface  passes  under  the  vertical  sun . 

A.  Suppose  the  braes  meridian  of  a  globe 
to  represent  the  vertical  rays  of  the  sun  l 
as  you  turn  the  globe  round,  different  pm  ' 
of  it  will  pass  under  the  brass  rim,  in  cod 
Btant  succession. 


Q.  Why  is  it  noon-day  to  the  place  ovi 
which  the  sun  is  vertical  ? 

A.  Because  the  sun  is  half-way  betweed 
itBing  and  setting  to  that  place. 

1352. 

Q.  Show  how  this  rotation  of  (he  eaj 
_»ffects  the  tir? 

29 
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A.  If  we  suppose  the  brass  meridian  to 
be  the  vertical  sun,  the  whole  column  of  air 
beneath  will  be  heated  by  the  noon-day  rays; 
that  part  which  the  sun  has  left^  will  be- 
come gradually  colder  and  colder;  and  that 
part  to  which  the  sun  is  approaching^  will 
grow  constantly  warmer  and  warmer. 

1253. 

Q.  Then  there  are  three  qualities  of  air 
about  this  spot  ? 

A.  Yes ;  the  air  over  the  place  which 
has  passed  the  meridian,  is  cooling;  the  air 
under  the  vertical  sun  is  the  hottest ;  and  the 
Jiir  which  is  over  the  place  about  to  pass  un- 
der the  meridian,  is  increasing  in  heat. 

See  fig.  1.    The  column  A  (which  the  sun  has  passed)  is  cooling— B  if 
under  the  vertical  sua ;  and  C  is  increasing  in  heat 

1254 

Q.  Does  air  expand  by  heat  as  well  as 
water  ? 

A.  It  does ;  and  this  expansion  is  the 
cause  of  winds. 

1255. 

Q.  How  does  this  variety  in  the  heat  of 
air  produce  wind  ? 

A.  The  air  always  seeks  to  preserve  an 
equilibrium ;  so  cold  air  rushes  into  the  void 
made  by  the  upward  current  of  the  warm  air. 
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1256. 

Q.  MVhy  does  not  the  wind  dways  blow 
wu  way,  following  the  direction  of  the  sun  ? 

A.  Because  the  direction  of  the  wind  is 
subject  to  perpetual  interruptions  jfrom  hills, 
and  valleys^  deserts y  seas,  etc. 

1257 

Q.  How  can  hills  and  mountains  alter  the 
course  of  the  vnnd  ? 

A.  Suppose  a  wind  (blowing  from  the 
north)  comes  to  a  mountain ;  as  it  cannot 
pass  through  ity  it  must  either  rush  hack  again, 
or  fly  off  at  one  side,  (as  a  marble^  when  it 
strikes  against  a  wdL) 

1258. 

Q.  Do  mountains  affect  the  wind  in  any 
other  way  ? 

A.  Yes ;  many  mountains  are  capped  with 
snow,  and  the  warm  air  is  condensed,  when  it 
comes  in  contact  with  them ;  but  so  soon 
as  the  temperature  of  the  wind  is  changed,  its 
direction  may  be  changed  also.   {See  Fig.  1 .) 

PIG    1.— THE  SUN. 


nuK  tbD  ail  nC  B  lud  C  ii  kulUr  llim  A.    Boi,  cdp]ti»( 
Irig  iHiw  (oli(«  1li»n  the  air  ttltitut)  ll  luibet  6odk  agaiit 

1259. 

How  can  the  ocean  affect  the  direction 
tof  the  wind  ? 

A.  When  the  ocean  rolls  beneath  the 
Krtkd  sun,  the  water  is  not  made  so  hot  as 
he  l(md;  in  consequence  of  which,  the  ge- 
Etieral  direction  of  the  wind  is  directed  from 
icta  of  ocean  towards  tracts  of  land. 

1260. 

Q.  Why  is  not  the  ivater  of  the  sea  made 
I  BO  hot  by  the  vertical  sun,  aa  the  surface  of 
the  land? 

A.  1st. — Because  the  evaporation  of  the 
sea  is  greater  than  that  of  the  land ; 

2nd. — The  constant  motion  of  the  water 
prevents  the  increase  of  temperature  at  the 
surface ; 

3rd. — The  rays  of  the  sun  strike  into  the 
water ;  iii  consequence  of  which,  the  im- 
.  mediate  surface  is  much  less  affected  ;  and 

4th. — Water  is  a  bad  conductor  of  heat. 

1261. 

Q.  Why  does  the  evaporation  of  the  sea 
prevent  its  surface  from  being  heated  by  the 
vertical  sim  1 
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A.  Because  its  heat  is  absorbed  in  the  ge- 
neration of  vapor  and  carried  oflf  into  the  air. 

1262. 

Q.  Why  does  the  motion  of  the  sea  pre- 
vent its  surface  from  being  heated  by  the 
vertical  sun  ? 

A.  Because  each  portion  rolls  awaijy  as 
Boon  as  it  becomes  heated,  and  is  succeeded 
by  another;  and  this  constant  motion  pre- 
vents the  surface  of  the  sea  from  being  more 
heated  than  the  water  below  the  surface. 

1263. 

Q.  Why  are  those  winds,  which  blow 
over  large  continents,  or  tracts  of  land,  gene 
rally  dnj  ? 

A.  Because,  in  their  passage,  they  absorb 
very  little  water,  as  they  do  not  blow  over 
large  oceans. 

1264. 

Q.  Why  do  our  hands  and  lips  chap  in 
frosty  and  windy  weather  ? 

A.  1st. — Because  the  wind  or  frost  ab- 
sorbs the  moisture  from  the  surface  of  the 
skin;  and 

2nd. — The  action  of  wind  or  frost  pro- 
duces a  kind  of  inflammation  on  tlie  skin 

1265. 

Q.  Do  douds  affect  the  wind? 

29* 
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A.  Tes.  As  passing  clouds  screen  the 
direct  heat  of  the  sun  from  the  earth,  they 
diminish  the  rarefaction  of  the  air  also;  and 
this  is  another  cause  why  neither  the  strength 
nor  direction  of  the  wind  is  uniform. 

1266. 

Q.  Would  the  wind  blow  regularly  from 
east  to  west,  if  these  obstructions  were  re- 
moved? 

A.  Without  doubt.  If  the  whole  earth 
were  covered  with  water,  the  winds  would 
always  follow  the  sun,  and  blow  imiformly 
in  one  direction. 

1267.  • 

Q.  Do  winds  ever  blow  regularly  ? 

A.  Yes;  in  those  parts  of  the  world 
which  present  a  large  surface  of  water,  as 
in  the  Atlantic  and  Pacific  oceans. 


SECTION    I. TRADE  WINDS. 

1268. 

Q.  What  are  the  winds  which  blow  over 
the  Atlantic  and  Pacijk  oceans,  called  ? 

A.  They  are  called  "Trade  Winds." 

1269. 

Q    Why  are  they  called  "rrarfgpr;n(&?'' 

A.  Because  they  are  very  convenient  to 
merchants,  who  have  to  cross  the  oceani 
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inusmuch  as  they  always  blow  in  one  di- 
rection. 

1270. 

Q.  In  what  direction  do  the  trade  vnnds 
blow  ? 

A.  That  in  the  northern  hemisphere  blows 
from  tiie  north-east;  that  in  the  southern 
hemisphere  from  the  south-east. 

1271. 

Q.  Why  do  they  not  blow  from  the  full 
north  and  south  ? 

A  Be«aase  currents  of  air  flowing  from 
the  poles,  give  tliem  an  easterly  direction. 

1272. 

Q,  Wliat  is  the  cause  of  these  currents  of 
air  from  the  poles  to  the  equator  ? 

A.  The  air  about  the  equator  constantly 
ascends,  in  consequence  of  being  rarefied  by 
the  heat  of  the  sun;  as  the  hot  equatorial 
air  ascends,  cold  air  from  the  north  and 
Bouth  flows  towards  the  equator,  to  re.9tore 
the  equilibrinm. 

1273. 

Q,  la  there  an  upper  as  well  as  a /owfr 
curreni  in  the  atmosphere  ? 

A.  Yea ;  the  upper  current  of  rarefied  air 
IB  from  the  equator  to  the  poles;  where  it  is 
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conden^d — and  then  returns  again  to  the 
equator,  forming  the  lower  current. 

1274. 

Q.  These  lower  currents  (from  the  poles  to 
I  lie  equator)  have  an  easterly  tendency.  Ex- 
plaiii  the  cause  of  this  ? 

A.  All  the  atmosphere  revolves  with  the 
earth;  but  when  a  current  of  air  from  the 
poles  flows  towards  the  equator,  it  comes  to 
a  part  of  the  earth's  surface  which  is  moving 
faster  than  itself;  in  consequence  of  which, 
it  is  left  behind,  and  thus  produces  the  eflfect 
of  a  current  moving  in  the  opposite  di- 
rection. 

Thus,  to  n  person  in  a  carriage,  the  hedges  and  trees  &eem  to  be  miming 
in  an  opposite  direction. 

As  the  circumference  of  the  earth  at  the  equator  is  much  larger  than  the 
circumference  of  the  earth  hi  the  poles,  therefore,  every  spot  of  the  earth's 
eqiuuorial  surface  must  move  much  /aster  than  the  corresponding  one  at 
the  poles. 

N.  H.  As  the  earth  revolves  on  its  axis  from  west  to  east,  therefore,  the 
air  which  is  carried  with  it  will  seem  to  blow /Vom  the  toe«t  :  As,  how- 
ever, the  current  of  air  from  the  poles  seems  to  blow  in  the  opposiu  di- 
rection, it  will  seem  to  blow  from  the  east  (or  to  be  an  easterly  wind.) 

1275. 

Q.  By  what  means  are  the  north-east  and 
south-east  trade  winds  produced  ? 

A .  By  a  combination  of  the  two  motions 
of  the  polar  currents ;  which  produces  the 
intermediate  directions  of  the  north-east  and 
iouth-east. 
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Q  Are  both  these  motions  of  the  pola 
currents  reed  ? 

A.    No.     The  motion  from  the  east  i 
west  ia  only  apparent.     As  the  earth  ] 
volves  from  west  to  east,  the  air  carried  with  " 
it  will  be  a  west  wind ;  but  the  polar  cur- 
rents seem  to  blow  in  the  opposite  direction, 
merely  because  they  have  not  acquind  the 
same  velociti/. 

1277. 

Q.  Do  trade  winds  blow  from  the  north- 
east and  south-east  all  the  year  round? 

A.  Yes,  in  the  open  sea;  that  is,  in  the 
Atlaatic  and  Pacific  Oceans,  for  about  30' 
each  side  of  the  equator. 


Q.  What  do  the  north-easterly  and  south- 
easterly trade  winds  produce  when  they 
meet  near  the  equator  ? 

A.  A  region  of  calms  in  which  thick 
foggy  air  prevails,  with  auddeu  showers  and 
Uimider-storms. 

1279. 

Q.  Is  this  region  of  calms  fixed  in  its  po- 
sition? 

A.  No;  it  shifts  its  place  according  to 
the  sun's  distance,  and  position  in  regard  to 
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the  equator;  being  sometimes  entirely  to  the 
north  of  the  equator,  and  occasionally  reach- 
mg  as  far  as  2"  south  of  it. 

1280. 

Q.  Do  the  trade  winds  blow  uniformly 
fi^om  north-east  and  south-east  in  the  Indian 
Ocean? 

A.  No ;  nor  yet  in  those .  parts  of  the 
Atlantic  and  Pacijic  which  verge  on  the  con- 
tinents. 

1281. 

Q.  How  do  the  trade  winds  in  the  Indian 
Ocean  blow  ? 

A.  From  April  to  October,  a  sovth-west 
wind  prevails ;  but  from  October  to  April, 
a  north-east. 


SECTION  II. MONSOONS. 

1282. 

Q.  WTiat  are  these  periodical  currents  of 
air  (which  affect  the  neighborhood  of  the 
Arabian,  Indian,  and  Chinese  Seas)  called  ^ 

A.  They  are  called  Monsoons. 

1283. 

Q.  How  far  do  the  limits  of  the  Monsoons 
extend  ? 

A.  They  extend  from  the  African  shore 
to  the  longitude  of  New  Guinea ;  and  are 
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felt  northward  as  far  as  the  parallel  of  lati 
hide,  which  crosses  the  Loochoo  Isles. 

The  LoochiK)  Utes  are  uboat  24^  north  latitude,  and  130^  east  lotigiiade. 

1284. 

Q.  Are  the  monsoons  as  powerful  as  the 
trade  winds  ? 

A.  They  are  far  more  so,  and  very  often 
amount  to  violent  gales. 

1285. 

Q.  Why  do  not  the  trade  winds  in  the 
Indian  Ocean  blow  south-west  from  April  to 
October? 

A.  Because  the  air  of  Arabia,  Persia,  In- 
dia, and  China,  is  so  rarefied  by  the  enor- 
mous heat  of  their  summer  sun,  that  the 
cold  air  from  the  south  rushes  towards  these 
countries^  across  the  equator^  (during  these 
six  months,)  and  produces  a  south-west  wind. 

1286 

Q.  To  what  distance  does  this  south-west 
wind  prevail? 

A.  Prom  3°  south  of  the  equator,  to  the 
shores  of  the  Arabian,  Indian,  and  Chinese 
Seas. 

1287. 

Q.  Why  do  the  trade  winds  (in  the  In- 
dian  Ocean)  blow  north-east  from  October  to 
April? 

A.  Because  the  southern  part  of  the  te^id 


1948 


^^H  zone  is  most  heated,  when  the  sun  has  left 

^^^  ^^  northern  side  of  the   equator  for  the 

I  southern;  and  the  cold  air  from  the  north 

I  (rushing  towards  the  southern  tropic)  is  di- 

I  verted  into  the  direction  of  north-east,  where 

I  it  continues  for  the  dher  six  months  of  the 

i  year 

L  128S. 

^^H        Q.  Why  are  the  monsoons  more  usefvl  to 
^^H'  the  mariner  than  the  fixed  trade  winds? 
^^V       A.  Because  the  mariner  is  able  to  avful 
^^^    himself  of  these  periodic  changes,  to  go  in 
[  one  direction  during  one  half  of  the  year, 

and  to  return  in  the  opposite  direction  during 

the  other  half. 

1289. 

Q.  How  is  the  change  of  the  monsoona 
marked  ? 

A.  By  an  interval  of  alternating  calms 
and  storms. 

1290, 

Q.  Show  the  goodness  and  wisdom  of  God 
in  the  constant  tendency  of  air  to  eciulli- 
brium? 

A.  K  the  torrid  zone  were  not  tempered 
by  cold  air  from  the  polar  regions,  it  vxmld 
become  so  hot,  that  no  human  being  could 
endure  it.  If  (on  the  other  hand)  the  polar 
rt'^ions  were  never  warmed  by  hot  aft-  from 
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the  torrid  zone,  they  would  aoon  become  i^ 
sufferahli/  cold. 

1291, 

Q,  In  what  other  way  does  the  mingling 
of  the  polar  and  equatorial  atmosphere  act 
henejkiolly  ? 

A.  In  the  equatorial  regions,  the  great 
abundance  of  vegetable  life  is  productive  of  a 
rery  large  amount  of  oxygen ;  in  the  coldi 
regions,  artificial  fires  and  dense  masses  i 
animal  life,  produce  large  quantities  of  car 
tonic  acid.  The  mingling  of  the  polar  and 
equatorial  atmosphere  assists  in  supplying 
each  of  theae  regions  with  tlie  very  gas  in 
which  it  would  be  otherwise  deficient. 

1292. 

Q.  Why  does  the  expansion  of  air  ca 
wind? 

A.  The  heat  of  the  sun  hcata  that 
of  the  surface  of  the  earth  over  which  it  iff 
vertical ;  the  heat  of  the  earth  thus  ac- 
quired by  absorption,*  is  imparted  to  the 
lowest  stratum  of  air,  which,  becoming  ex- 
panded, rises  and  gives  place  to  another, 
1  In  this  manner  an  ascending  current  is 
jbliehed. 

|ie  colder  and  heavier  air  rushes  in  froi 
!&lder  regions  north  and  south  to 
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the  vacuum  thus  occasioned,  thus  producing 
wind. 

"  Stratwriy"  Inyer.    The  lowest  btrntaro  of  air,  is  that  portioa  of  air 
which  ii  in  contact  with  the  surface  of  the  earth. 

1293. 

Q.  How  does  the  mingling  of  the  polar 
and  equatorial  atmosphere  serve  to  supply 
each  region  with  the  gas  it  most  requires  ? 

A.  The  plants  of  the  equatorial  regions  re- 
quire carbonic  acid; — The  animals  of  the 
colder  regions  require  oxygen; — The  cur- 
rents of  air  from  the  Poles  carry  carbonic  acid 
to  the  equatorial  plants ;  and  the  currents 
of  air  from  the  Equator  carry  oxygen  to  the 
animals  which  abound  nearer  the  Poles. 

1294. 

Q.  Wliy  does  wind  dry  damp  linen  ? 

A.  Because  dry  wind  (like  a  dry  sponge) 
imbibes  the  particles  of  vapor  from  the  sm*- 
face  of  the  linen,  as  fast  as  they  are  formed. 

1295. 

Q.  Why  are  the  west  winds  in  the  At- 
lantic States  generally  dry  ? 

A.  Because  they  come  over  large  tracts  of 
land,  and  therefore,  absorb  very  little  water; 
and  being  thirsty,  they  readily  imbibe 
moisture  from  the  air  and  clouds,  and  there- 
fore bring  dry  weather. 

N.  }).  Tl)6!  rcinarkg  about  the  winds  in  this  work,  do  not  apply  to  the 
Wei^tern  Statco,  particulHrly  Texas  and  California. 
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1296. 

Q,  Why  is  the  north  wind  generally  cold? 

A.  Because  it  comes  from  the  polar  re- 
gicns^  over  mountains  of  snow  and  seas  of 
ice. 

1297. 

Q.  Why  are  north  winds  generally  dry  ? 

A.  Because  they  come  from  colder  re- 
gions, and  being  warmed  by  the  heat  of  oiir 
climate,  absorb  moisture  from  every  thinj^ 
they  touch;  in  consequence  of  which,  they 
are  generally  dry. 

1298. 

Q.  Why  are  south  mnds  generally  warm? 

A.  Because  they  come  over  countries 
warmer  than  our  own,  where  they  are 
much  heated. 

1299. 

Q.  Why  are  winds  which  blow  over  a 
vast  body  of  water  generally  rainy? 

A.  Because  they  come  laden  with  vapor ; 
if,  therefore,  they  meet  with  the  least  chilly 
some  of  the  vapor  is  deposited  as  rain. 

1300. 

Q.  Why  is  the  rising  sun  in  summer, 
Hometimes  accompanied  with  a  breeze  ? 

A.  Because  the  heat  of  the  rising  sun 
stops  the  radiation  of  heat  from  the  eai'th, 
and  warms  its  surface. 
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1301. 

Q.  How  does  this  warmth  produce  a 
breeze? 

A.  The  air  (resting  on  the  earth's  sur- 
liice)  being  warmed  hy  contact  ascends,  and 
colder  air  rushing  in  to  fill  up  the  void,  pro- 
duces the  morning  breeze. 

1302. 

Q.  Why  is  there  often  an  evening  breeze 
during  the  summer  months  ? 

A.  Because  the  earth  radiates  heat  at  sun- 
set and  the  air  is  rapidly  cooled  down  by 
contact ;  this  condensation  causes  a  motion 
in  the  air,  called  the  evening  breeze. 

1303. 

Q.  Why  are  tropical  islands  subject  to  a 
sea  breeze  every  morning  ;  (that  is,  a  breeze 
blowing  from  the  sea  to  the  land  ?) 

A.  Because  solar  rays  are  unable  to  heat 
the  surfoce  of  the  sea,  as  they  do  the  earth; 
therefore,  the  air  resting  on  the  sea  is  less 
heated  than  the  air  resting  on  the  earth ;  and 
the  colder  sea  air  blows  inland  to  restore 
the  equilibrium. 

1304. 

Q.  Wliy  is  a  fine  dear  day  sometimes 
overcast  in  a  few  minutes  ? 

A.  Because  some  sudden  change  of  tern- 


perature  haa  condensed  the  vapor  of  the 
I    arfo  clouds. 

^^^p.  Why  are  douds  sometimes  dissipi 
^^H^  Eiiddenly  ? 

I  A.  Because  some  dry  wind  (blowing 

llie  clouda)  imbibes  their  moisture,  and  cai 

K'  in  invisible  vapor, 
1306. 
Why  does  wind  sometimes  bring  n 
sometimes  fine  weather  ? 
^i.  If  the  wind  be  colder  than  the  clouds, 
it  will  condense  their  vapor  into  rain  ;   but 
iie  wind  is  warmer  than  the  dmds,  it 
afve  them  and  cause  them  to  disap] 

1307. 

Why  is  a  land  ireeze 

Because  it  is  frequently  laden 

balations  from  putrefying  animal  and 

~§  substances. 

130B. 

,  Why  is  a  sea  breeze  fresh  and  hedtht/? 
,  Because  it  passes  over  the  sea,  : 
t  laden  with  noxious  exhalations. 

.nlculurlj'  liiaUit,  UieraCnre,  W  wnll 

■■*■ •-f.iiKmhtaUkyafltri: 

1309 

,  What  is  the  cause  of  a  sea  breeze  ? 
.  When  the  land  is  more  heated  by  the 
30* 
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Bm  than  the  sea  is,  the  land  air  becomea 
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the  cooler  sea 
inland  to  restore  the  equilibrium. 

1310. 

Q.  Why  does  a  sea  breeze  feel  cool  ? 

A,  Because  the  sun  cannot  make  the 
BUrface  (rf  the  sea  go  hot  as  the  land;  there- 
fore, the  air  which  blows  from  the  sea  is 

ler  than  the  air  of  the  land. 

1311, 

Q.  Why  are  tropical  islands  subject  to  a 
land  breeze,  every  evening,  (that  is  a  breeze 
blowing  from  the  land  towards  the  sea?) 

A,  Because  the  surface  of  the  land  cools 
\own  faster  (after  sun-set)  than  the  surface 
of  the  sea :  in  consequence  of  which,  the 
air  of  the  cold  land  is  condensed — sinks  down 

■and  spreads  itself  into  the  warmer  sea 
air — causing  the  land  breeze. 

1312. 

Q.  Why  is  the  land  breeze  cool? 

A.  Because  the  surface  of  the  lai 
raoTed  at  sun-set  quicker  than  the  surface  of  ' 
the  sea  ;  therefore,  seamen  feel  the  air  fram,  , 
land  to  be  chill. 


ft.  Explain  th  ^  cause  of  sea  wooes  ft 


A.  The  wind  (acting  on  the  suiface  of 
the  sea)  pilts  up  ridges  of  water,  leaving  be- 
hind an  indentation:  as  the  water  on  all 
rides  rushes  to  Jill  up  this  indentation,  the 
disturhance  spreads  on  all  sides,  and  billow 
tolls  after  billow.  ~ 

1314 

Q.  Wliy  does  wind  generally  feel  cdd? 

A.  Because  a  constantly  changing  surface 
comes  in  contact  with  our  body,  to  draw 
off  its  heat. 

131S. 

Q.  How  fast  does  wind  travel  ? 

A.  A  gentle   breeze  goes  at  about  thrfJ 
rate  of  five  miles  an  hour.     A  high  wind 
from  twenty  to  sixty.     A  hurricane  from 
eighty  to  one  hundred  miles  an  hour. 

1316. 

Q.  How  is  the  vdodty  of  winds  ascer" 
tained  ? 

A.  By  observing  the  velocity  of  the 
clouds ;  and  by  an  instrument  for  the  pur- 
poee,  called  an  Anemometer. 

PnmMinH  An-e-raoni'-e-iet.    From  iwo  Grisic  wub1«  oHwr  neaot 
MBd.)  uul  (Urpo.  mplron  (»  mmw™.)    TKL»  lerm  ii  npplied  nun  fro- 
^tljr  Id  an  in.lniiouil  which  nusmia  lh./m«  of  wind, 
1317. 

Q.  How  is  the  velocity  of  the  clouds  ait>  J 
oerUined? 
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A.  By  observing  the  speed  of  their  sha- 
dow along  the  ground ;  which  is  found  (in 
a  high  wind)  to  vary  from  twenty  to  sixty 
miles  an  hour. 


CHAP.  III.— CLOUDS. 

1318. 

Q.  What  ore  chads  ? 

A.  Moisture  evaporated  from  the  earthy 
and  again  partially  condensed  in  the  upper 
regions  of  the  air. 

1319. 

Q.  What  is  the  difference  between  a  fog 
and  a  cloud  ? 

A.  Clouds  and  fogs  differ  only  in  one  re- 
spect. Clouds  are  elevated  above  our  heads : 
hut  fogs  come  in  contact  with  the  surface  of 
the  earth. 

1320. 

Q.  Why  are  clouds  higher  on  a  fine  day  f 

A.  Because  they  are  lighter  and  mare 
brioyant. 

1321. 

Q.  ^Vhy  are  clouds  lighter  on  eifine  day? 

A .  1st. — Because  the  vapor  of  the  clouds 
is  less  condensed :  and 

2nd. — The  air  itself  (on  a  fine  day)  re- 
tn  ins  much  of  its  vapor  in  an  invisU)le  form. 


,  Wliy  do  c 


13B2. 

ds  float  so  readily  iu  tlio 


A.  Because  they  are  composed  of  very 
minute  gldjvles  (called  vesicles;)  which  (be- 
ing lighter  than  air)  float  like  soap  bubbles^ 

1323. 

Q.  Are  all  clouds  dike  ? 
A.  No.     They  vary  greatly  in  density ^ 
height,  and  cdor. 

1324. 

Q.  What  is  the  chief  cause  of  fog  and 
douds? 


The  changes  of  the  wind. 


If 

^^■^  How  can  the  charges  of  the  mnd  affe 

^^JK.  If  a  cold  current  of  wind  blows  sud- 
^Bfey  over  any  region,  it  condenses  the  in- 
visible vapor  of  the  air  into  cloud  or  rain : 
but,  if  a  warm  current  of  wind  blows  over 
any  region,  it  disperses  the  clouds,  by  absorb- 
ing their  vapor. 

1326. 

Q.  What  countries  are  the  most  cloudy  ? 
A.  Those  where  the  winds  are  most 
bk,  as  Great  Britain, 


retflH 
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1327. 

Q.  What  countries  are  the  least  cloudy  f 

A.  Those  where  the  wmds  are  least  varUh 
Ide  as  Egypt. 

1328. 

Q.  What  distance  are  the  clouds  from  the 
earth? 

A.  Some  thin^  light  clouds  are  elevated 
above  the  highest  mountam-top;  some^ot?^ 
ones  touch  the  steeples,  trees,  and  even  the 
earth ;  but  the  average  height  is  between 
one  and  two  miles. 

N.  B.  Streaky,  curling  clouds,  like  haiff  are  often  five  or  six  milei 
high. 

1329. 

Q.  What  clouds  are  the  lowest  ? 

4.  Those  which  are  the  most  highly  deC' 
trified;  lightning  clouds  are  rarely  more 
than  about  seven  hundred  yards  above  the 
ground ;  and  often  actually  touch  the  earth 
with  one  of  their  edges. 

1330. 

Q.  What  is  the  size  of  the  clouds  ? 

A,  Some  clouds  are  twenty  square  mile^  in 
surface,  and  above  a  mile  in  thickness;  while 
others  are  only  a  few  yards  or  inches. 

1331 

Q.  How  can  persons  ascertain  the  thicks 
nese  of  a  cloud  ? 
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Al.  As  the  tops  of  high  mountains  are 
generally  above  the  clouds,  travellers  may 
pass  quite  through  them  into  a  clear  blue  fir- 
mament ;  when  the  clouds  will  be  seen  be- 
neath their  feet. 

1332. 

Q.  What  produces  the  great  vortc/y  in  the 
ihape  of  the  clouds  ? 

A.  Three  things:  1st. — The  cause  and 
manner  of  their  formation  : 
2nd. — Their  electrical  condition ;  and 
3rd. — Their  relations  to  currents  of  wind. 


T?0 


Q.  How  can  electricity  afiect  the  shape  of 
clouds? 

A.  If  one  cloud  be  full  of  electricity  and 
another  not,  they  will  be  attracted  to  each 
other,  and  either  coalesce — diminish  in  size 
— or  vanish  altogether. 

1334. 

Q.  IVhat  clouds  assume  the  most  fantastic 
nhapes  ? 

A.  Those  that  are  the  most  highly  electrt- 
fed. 

1335. 

Q.  What  efiect  have  winds  on  the  shape 
of  clouds? 

A.  They  sometimes  absorb  them  entirely 
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sometimes  increase  their  vdume  and  density; 
and  sometimeiSi  charge  the  position  of  their 
parts. 

1336. 

Q.  How  can  winds  absorb  clouds  altogether? 

A.  Warm,  dry  imnds  will  convert  the  sub- 
stance of  clouds  into  invisible  vapor,  which 
they  will  carry  away  in  their  own  current. 

1337. 

Q.  How  can  winds  increase  the  hulk  and 
density  of  douds  ? 

A.  Cold  currents  of  wind  will  condense 
the  invisible  vapor  of  the  air,  and  add  it  to  the 
douds  with  which  they  come  in  contact. 

133a 
Q.  How  can  winds  change  the  shape  of 
clouds,  by   altering  the  position  of  their 
parts  *? 

A.  Clouds  are  so  voluble  and  light,  that 
every  breath  of  wind  changes  the  position 
of  their  vesicles  or  bubbles. 

1339. 

Q.  What  are  the  general  colors  of  the 
douds ? 

A.  White  and  gray,  when  the  sun  is  aboDe 
the  horizon  ;  but  red,  orange,  and  yellow,  at 
sun-rise  and  sun-set. 

The  blue  sk^'  is  not  clou  I  at  hII. 
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1340. 

Q.  Why  are  the  last  doi^  of  evening 
generally  of  a  red  tinge  ? 

A.  Because  red  rays  (being  the  least  rc- 
frangibie  of  all)  ate  Uie  la»i  to  dist^pear. 


1341. 

Q.  What  is  meant  by  being  "less  refran- 
gihle?" 

A.  Being  less  <Me  to  be  bent.  Blue  and 
yellow  rays  are  more  easily  bent  below  the 
horizon  by  the  resistance  of  the  air ;  but  reii 
rays  are  not  so  much  hent  dovm;  and,  there- 
fore, we  Bee  them  later  in  the  evening. 

Al  ■!  A,  In  Bg.  3. 
1342. 

Q.  Why  are  morning  clouds  generally  of  a 
red  tinge  ? 
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A.  Because  red  rays  are  the  least  refrar^ 
e;ihle  of  all ;  and  not  being  bent  so  much  as 
blue  and  yellow  rays,  we  see  them  sooner 
of  a  morning. 

Thus  (fiflf.  2,)  if  the  earth  turned  in  the  direction  of  D,  A,  P,  a  opeetate-' 
et  D,  would  spc  A,  (the  red  rays)  tong  before  he  saw  P,  B,  and  P,  C. 

1343. 

Q.  Why  is  not  the  color  of  clouds  always 
(dike  ? 

A.  Because  their  size,  density ,  and  situa- 
tion^ in  regard  to  the  sun,  are  perpetually 
varying ;  so  that  sometimes  one  color  is  re- 
flected and  sometimes  another, 

1344. 

Q.  What  regulates  the  motion  of  the 
clouds? 

A.  Principally  the  winds;  but  sometimes 
electricity  will  influence  their  motion  also. 

1345. 

Q.  How  do  you  know  that  clouds  move 
by  other  influences  besides  mind  ? 

A.  Because  (in  calm  weather)  we  often 
see  small  clouds  meeting  each  other  from  op- 
posite directions. 

1346. 

Q.  How  do  you  know  that  electricity  at 
fects  the  motion  of  the  clouds  ? 

A.  Because  clouds  often  meet  from  oppo- 
site  directions;  and,  having  discharged  their 


oppof 

^^^E  1st. — They  act  m  screens,  to  arrest  th  .^^^^ 
'     mHinfion  nf  hi>.at  frnm  tlin  parth  :  ^^^^H 


opposite  electricities  into  each  other,  vmish 
"^ether. 

1347. 

i-  What  are  the  mes  of  cloiids  ? 
let. — They  act  mscreens,  to  arrest  th 
mdiation  of  heat  from  tlic  earth  ; 

2nd.— They  temper  the  heat  of  the  sim\ 
rays;  and 

3ni. — They  are  the  great  store-kcmses  of 


1346. 

Q.  Why  is  mnd  said  to  blow  up  the  clouds? 

A.  Because  a  dry,  warm  wind  (which  has 
traveled  over  seas)  having  absorbed  a  large 
quantity  of  moisture,  deposits  tjome  of  it  in 
the  visible  form  of  clouds,  as  soon  as  it  reaches 
a  cdder  region  of  air. 

1349. 

Q.  Why  does  wind  sometimes  drive  away 
Ihe  clouds  ? 

A.  Because  it  has  traveled  over  dry 
dimes  or  thirsty  deserts,  and  become  so  dry, 
Ihat  it  absorbs  vapor  from  the  clouds,  and 
causes  them  to  disappear. 

1350. 

Q.  What  is  the  cause  of  a  red  sun-sef  ? 
The   vapor  of   the   air,   not  bein|^ 


^■«6 
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actually  condensed  into  clouds,  but  only  oa  fiio 

puini  of  being  condensed. 

135J. 

Q.  Why  is  a  red  sunset  an  indication  of 
fine  day  to-morrow  ? 

A.  Because  the  vapors  of  the  earth  are 
not  condensed  into  clouds,  by  the  cold  of  sun- 
set. Our  Lord  referred  to  this  prognostio 
in  the  following  words  :  "  When  it  iseven- 
ig  ye  say  it  will  be  fair  weather,  for  the 
sky  is  rea."     (Matt.  xvi.  2.) 

1352. 

Q.  What  is  the  cause  of  a  coppery  yelhm 
in-set? 

A.  The  vapor  of  the  air  being  actually 
^condensed  into  clouds. 

1353. 

Q.  Why  do  vapors  {not  actually  condensed) 
refract  red  raye,  while  condensed  vapor  re- 
fracts yellow  ? 

A.  Because  the  beams  of  light  meet  with 
■Tery  little  resistance ;  in  consequence  of 
which,  those  rays  are  bent  down  to  the  eye, 
"Which  require  the  least  refraction,  such  as 
■ed. 

8w  Egfl,  ivhcto  ii  \i  fvirloni  that  iha  ni  rmy,  P,  A,  ia  Iw  bent  Iku  Inn 


Q.  Why  do  condensed  vapors  refract  y^ 


low  rays,  whereas,  vapors  not  actually  i 
densed  refract  red  1 

A.  Because  the  beams  of  light  meet  with 
more  resistatice.  from  the  condensed  vapor ; 
ui  consequence  of  which,  those  rays  are 
Itcnt  down  to  the  eye,  which  are  more  re 
fraded  than  the  red,  such  as  yellow. 

Ihmn  Ibe^rod'  nj,  P,  A.  "         ="  .     »     i^  X    "w  "r.    .    ,  » 
1355. 

Q.  Why  is  a  yellow  sunset  an  indicatior 
of  If  rf  ? 

A.  Because  it  shows  that  the  vapors  of 
the  air  are  ah-eady  condensed  into  clouds;  rain 
therefore,  may  be  shortly  expected, 

1356. 

Q,  What  is  the  cause  of  a  red  sun-rise 
A.  Vapor  in  the  upper  region  of  the 
just  on  the  point  of  being  condensed. 

1357. 

Q.  \Vhy  is  a  red  and  lowering  sky  at 
rise  an  indication  of  a  wet  day  ? 

A.  Because  the  hipiher  regions  of  the  aii 
are  laden  with  vapor  on  the  very  point  of 
fondnnsation,  which  the  rising  sun  cannot 
■  ilisperse.  Hence  our  Lord's  observation. 
"In  the  morning  ye  say,  it  will  be  foul 
weather  to-day,  for  the  sky  is  red  and  low- 
ering." (Matt.  XVI.  3.) 
31" 
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135a 

Q,  Why  is  a  g;ray  morning  an  indication 
of  a  fine  day  1 

A.  Because  only  the  air  contiguous  to  the 
earth  is  damp  and  full  of  vapor.  There  are 
no  vapors  in  the  higher  regions  of  the  air, 
to  bend  down  to  the  eye  even  the  red  rays 
of  any  beam  of  light. 

1359. 

Q.  What  difference  (in  the  state  of  the 
air)  is  required,  to  make  a  g;ray  and  red  sun- 
rise? 

A  In  a  gray  sun-rise,  only  that  portion 
of  air  contiguous  to  the  earth  is  filled  with  va- 
por; all  the  rest  is  clear  and  dry.  But  in 
a  red  sun-rise  the  air  in  the  upper  regions  is 
so  full  of  vapor,  that  the  rising  sun  cannot 
disperse  it. 

1360. 

Q.  Why  is  a  gray  sun-set  an  indication  of 
wet  1 

A.  Because  it  shows  that  the  air  on  the 
surface  of  the  earth  is  very  damp  at  sun-set ; 
which  is  a  plain  proof  that  the  air  is  satu^ 
rated  with  vapor;  in  consequence  of  which, 
wet  may  be  soon  expected ;  hence  the  pro- 
verb— 

''  Rveiiing  red  and  morning  gray, 
Will  set  tlie  traveler  on  his  way; 
But  evening  gray  and  morning  r«], 
Will  bring  down  rain  upon  his  head  ** 
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1361. 

Q.  What  is  meant  by  an  aurora  borediSf 
or  northern  light  ? 

A.  Luminous  clouds  in  the  north  of  the  sky 
at  night  time.  Sometimes  streaks  of  blue, 
purple,  green,  red,  etc.,  and  sometimes 
flashes  of  light,  are  seen. 

1362. 

Q.  What  is  the  cause  of  the  aurora  b(h 
realiSy  or  northern  light  ? 

A.  Electricity  in  the  higher  regions  of  the 
atmosphere. 

1363. 

Q.  Why  does  a  haze  round  the  sun  indi- 
cate rain  ? 

A.  Because  the  haze  is  caused  by  very 
fine  rain  foiling  in  the  upper  regions  of  the  air; 
when  this  is  the  case,  a  rain  of  five  or  six 
hours^  duration  may  be  expected. 

1364. 

Q.  Why  is  a  hcdo  round  the  moon  a  sure 
indication  of  rain? 

A.  Because  it  is  caused  hy  fine  rain  fall- 
ifig  in  the  upper  regions  of  the  air.  The 
larger  the  halo,  the  nearer  the  rain-clouds, 
and  the  sooner  may  rain  be  expected, 

1365. 

Q.  Why  do  we  feel  almost  suffocated  m  a 
liot  cloudy  niglit  ? 
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A.  Because  the  heat  of  the  earth  caHnot 
escape  into  the  upper  region  of  the  air;  but 
is  pent  in  by  the  clouds,  and  confined  to  the 
surface  of  the  earth. 

1366. 

Q.  Why  do  we  feel  sprightly  in  a  clear, 
bright  night  ? 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of  the 
air,  and  is  not  confined  and  pent  in  by  thick 
clouds. 

1367. 

Q.  Why  do  we  feel  depressed  in  spirits  on 
a  wety  murky  day? 

A.  1st. — Because  the  air  is  laden  with 
vapor,  and  has  (proportionally)  less  oxygen. 

2nd. — The  air  being  lighter  than  usual, 
does  not  balance  the  air  in  our  body  ;  and 

3rd. — Moist  air  has  a  tendency  to  depress 
the  nervous  system. 

1368. 

Q.  What  is  meant  by  the  "air  balancing 
the  air  in  our  body  ?" 

A.  The  human  body  contains  air  of  a 
given  density ;  if,  therefore,  we  ascend  into 
rarer  air,  or  descend  into  denser,  the  balance 
is  destroyed,  and  we  feel  oppressed. 
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Why  do  we  feel  oppressed,  if  the  air 
i  13  not  of  the  same  density  as  that  m 

our  body  ? 

A.  Because  if  the  air  be  mare  dense  than 
our  body,  it  will  produce  a  feeling  of  op' 
pression;  if  it  be  less  dense,  the  (lir  in  our 
^hod^  will  produce  a  feeUng  of  disiermon. 

^^^^K        BEOTION  I. MODIFICATION  OF   CLOUDS. 

^^™  1370. 

Q,  Into  how  many  classes  are  the  difiew 
ent  sorts  of  clouds  generally  divided? 

A.  Into  three  classes  : — viz.  Simple,  In-J 
termediate,  and  Compound. 

1371. 

Q.  How  are  simple  douds  sub-divided  ? 
A.  Into  1. — Cirrus;  2. — Cumulus;  and 
II     3. — Stratus  clouds. 

B»  1^7". 

^Km^  What  sort  of  douds  are  called  cirrus? 
^^■A.  Clouds  like  jibres,  loose  hair,  or  thin 
^^^gaks,  are  called  "cirrus  clouds." 

^^H.  Why  are  these  clouds  called  cirrns  ? 
1^^^.  From  the  Latin  word  cirrus  ("  a  lock 
of  hair,  or  curl.")  Cirrua  clouds  are  the 
t  elevated  of  aU. 
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1374. 

Q    What  do  cirrus  clouds  portend  ? 

A.  When  the  streamers  pomt  upwards, 
the  clouds  are  falling y  and  rain  is  at  hand : 
but  when  the  streamers  point  downwards  ^ 
drought  may  be  expected. 

1375. 

Q.  What  sort  of  cUmds  are  called  cvm- 

idus? 

A.  Cumulus  clouds  are  lumps,  like  great 
sugar-loaves — volumes  of  smoke — or  mountains 
towering  over  mountains. 

1376. 

Q.  Why  are  these  monster  masses  called 
cumulus  clouds  ? 

A.  From  the  Latin  word  cumulus  ("a 
mass  or  pile.") 

1377. 

Q.  What  do  cumulus  clouds  foreshow  ? 

A.  When  these  piles  of  cloud  are  fleecy ^ 
and  sail  against  the  windy  they  indicate  rain  ; 
but  when  their  outline  is  very  hardy  and 
they  gome  up  with  the  wind,  they  foretell 

fine  weather. 

Cumulas  clnuda  should  be  mnaller  towards  evening  than  they  are  at 
noon.  If  they  increase  in  size  at  sun-set,  a  thunder-storm  may  be  expected 
ii  the  night. 

1378. 

Q.  What  sort  of  douds  are  called  stratus? 
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A..  Creeping  mists,  especially  prevalent  in 
a  summer's  evening:  these  clouds  rise  at 
sim-set  m  low,  damp  places;  and  are  always 
nearer  the  earth  than  aiiy  other  sort  of 
cloud. 

1379. 

Q.  Why  are  these  mists  called  stratus 
clouds  ? 

A.  From  the  Latin  word  stratus  ("  laid 
low,"  or  "that  which  lies  low.") 

1380 

Q.  What  produces  cirrm  douds  ? 

A.  Moisture  in  a  visible  form,  deposited 
in  the  higher  regions  of  the  atmosphere  by 
ascending  currents  of  heated  air. 

1381. 

Q.  What  produces  cumulus  clouds  ? 

A.  Masses  of  visible  vapor  passing  from 
the  places  where  they  were  formed,  to  other 
places  where  they  are  about  to  be  either 
dissolved,  or  deposited  as  falling  rain. 

1382. 

Q.  What  produces  stratus  clouds , 

A.  Beds  of  visible  moisture,  formed  by 
some  chilling  effects,  acting  along  the  di^ 
rect  surface  of  the  earth. 
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1383. 

Q.  How  are  the  intermediate  douds  sub- 
divided ? 

A.  Into  two  sorts.  1. — The  Cirro-Cii- 
mulus :  and  2. — The  Cirro-Stratus. 

1384. 

Q.  What  are  drro-cumvlus  clouds  ? 

A.  Cirro-cumulus  clouds  are  cirrus  clouds 
springing  from  a  massy  centre;  or  heavy 
masses,  edged  with  long  streaks  generally 
called  "  mares^  tails. *^ 

A  syttem  of  small  rtnind  clouds  may  be  called  eirro-camulus. 

1385. 

Q.  What  do  cirro-cumulus  clouds  gene- 
rally forebode  ? 

A.  Continued  drought,  or  hot,  dry  wea- 
ther. 

1386. 

Q.  What  are  cirro-stratus  clouds  ? 

A.  They  compose  what  is  generally 
called  a  ''mackerel  sky.^^  This  class  of 
clouds  invariably  indicates  rain  and  wind ; 
hence  the  proverb — 

"  Mackerel's  scales  and  mares*  tails. 
Make  lofty  ships  to  carry  low  sails." 

1387. 

Q.  What  produces  cirro-cumulus  clouds  ? 
A.  Cumulus  clouds  dissolving  away  into 


w 
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ttn-vs  produce  the  intermediate  class,  callet 

cirro-cumuliis . 

Q.  What  produces  CiVro-siro/tt!  clouds  ? 

A.  Cirrus  clouds  accumulating  into  dem 
luasses  produce  the  intermediate  class,  callet 
drro-slratiui. 

1389.  _ 

Q,  How  are  compound  clouds  sub-divided? 

A.  Compound  clouds  are  also  subdivided 
into  two  sorts.  1. — The  Cumulo-Stratus; 
and  2. — The  Nimbus  clouds. 

1390. 

Q,     What  is    meant    by    cumulO'Stratii»'\ 
clouds  ? 

A.  Those  clouds  which  assume  all  sorts 
of  gigantic  forms  ;  such  as  vast  towers  and 
rocks — huge  whales  and  dragons — scenes 
of  battle — and  cloudy  giants.  This  class 
of  clouds  is  the  most  romantic  and  strange  -. 
of  all. 

1391- 

Q.    What   do   the   cumulo-sirotus   clouds  1 
foretell? 

A.  A  change  of  weather;  either  from  fine 
t'j  rain,  or  from  rain  to  fine. 

1392. 

,  Q.  What  are  m?nbus  clouds? 
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A.  All  clouds  from  which  ratn  foils. — 
Nimbus  is  the  Latin  word  for  ^^douds  which 
hririg  a  storm. ^^ 

1393. 

Q.  By  what  particular  character  may  the 
nirnhus  (or  rain-cloud)  be  at  once  distin- 
guished. 

A.  By  the  want  of  a  defined  outline :  its 
edge  is  gradually  shaded  oflf  from  the  deep 
gray  mass  into  transparency. 

1394. 

Q.  What  appearance  takes  place  in  the 
clouds  at  the  approach  of  rain  ? 

A.  The  cumulus  cloud  becomes  stationary, 
and  cirrus  streaks  settle  upon  it,  forming  cu- 
niulo-stratus  clouds ;  black  at  first,  but  after- 
wards of  a  gray  color. 

1395. 

Q.  Why  do  douds  gather  round  mountain 
tops  ? 

A.  Because  the  air  (being  chilled  by  the 
cold  mountain  tops)  deposites  its  vapor 
there  in  a  visible  form  or  cloud. 

SECTION   II. DBW. 

1396. 

Q.  What  is  dew? 

A.  Dew  is  the  vapor  of  the  air  conden^ea 
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by  coming  in  contact  with  bodies  cdder 
than  itself. 

1397. 

Q.  Why  is  the  ground  sometimes  covered 
with  dew? 

A.  Because  the  surface  oif  the  earth  (at 
8un-set)  is  made  so  very  cold  by  radiation, 
that  the  warm  vapor  of  the  air  is  chilled  by 
contact  and  condensed  into  dew. 

1398 

Q.  What  is  the  difference  between  dew 
and  rcdn  ? 

A.  In  dew,  the  condensation  is  made  near 
the  earth's  surface. 

In  rain  the  drops  fall  from  a  considerable 
height. 

1399. 

Q.  What  is  the  cause  of  both  dew  and 
ram? 

A.  Cold  condensing  the  vapor  of  the  air 
when  near  the  point  of  saturation. 

1400 

Q.  Why  do  mist  and  fog  vanish  at  sun- 
rise? 

A.  Because  the  condensed  particles  are 
again  changed  into  invisible  vapor  by  the 
heat  of  the  sun. 
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1401. 

Q.  Why  is  the  earth  made  colder  than 
the  air  after  the  sun  has  set  ? 

A.  Because  the  earth  radiates  heat  very 
freely,  but  the  air  does  not;  in  consequence 
of  which,  the  earth  is  often  five  or  ten  de- 
crees colder  than  the  air,  (after  sun-set;) 
although  it  was  much  warmer  than  the  air 
during  the  whole  day. 

1402. 

Q.  Why  is  the  earth  warmer  than  the  air 
duriDg  the  day. 

A.  Because  the  earth  absorbs  solar  heat 
very  freely,  but  the  air  does  not ;  in  conse- 
quence of  which,  it  is  often  many  degrees 
warmer  than  the  air,  during  the  day. 

1403. 

Q.  Why  is  the  surface  of  the  ground 
colder  in  a  fine  clear  night  than  in  a  doudy 
one? 

A.  Because,  on  a  fine,  clear  star-light 
night,  heat  radiates  from  the  earth  freely y  and 
is  lost  in  open  space  ;  but  on  a  dull  night, 
the  clouds  arrest  the  process  of  radiation. 

1404. 

Q.  Why  is  dew  deposited  only  on  a^nc, 
clear  night? 

A.  Because  the  surface  of  the  ground  ra* 
Hates  heat  most  J?  eely  on  a  fine  night ;  and 


(being  cooled  down  by  this  loss  of  heatj 
rhiSs  (he  vapor  of  the  air  info  den: 

1405. 

Q.  Why  does  abundance  of  dew  in  the 
morning,  indicate  that  the  day -vriU  he  fine? 

A.  Because  dew  Is  never  deposited  \i\ 
dull  dovdy  weather,  but  only  in  very  clear 
calm  nights;  when  the  cold  currents  of  air 
are  not  mixed  with  those  of  a  warmo^ 
temperature. 

1406. 

Q.  Why  is  there  no  dew  on  a  dull,  cloudy 
night  ? 

A.  Because  the  clouds  arrest  the  radiation 
of  heat  from  the  earth;  and  (as  the  heat  can- 
not freely  escape)  the  surface  is  not  suffi- 
ciently cooled  down  to  chill  the  vapor  of  the 
air  into  dew. 

1407. 

Q.  Why  is  a  cloudy  night  warmer  than  a 
fine  one  ? 

A.  Because  the  clouds  prevent  the  radi^ 
Hon  of  heai  from  the  earth  ;  in  consequence 
of  which  the  surface  of  the  earth  remaiai 
tpormer. 


Q.  Why  is  dew  most  abuiidant  in  situa- 
tions most  exposed  ? 
32' 
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^^H  A.  Because  the  radiation  of  heat  is  nn 
^^Kitrrestcd  by  houses,  trees,  hedges,  or  an; 
^^B  other  thins. 

^^H  Q.  Why  is  there  scarcely  any  dew  under 
^^B  a  shady  tree  ? 

A.  1st. — Because  the  thick  foliage  of  a 
tree  arrests  the  radiation  of  heat  from  the 

Iit^th:  and 
2nd. — A  leafy  tree  radiates  some  of  ita 
ovQ  heat  towards  the  earth ;  in  consequence 
of  which,  the  ground  underneath  a  tree  is 
hot  sufficiently  cooled  down  to  chill  the  va- 
por of  the  air  into  dew. 
1410. 
Q.  Why  is  there  never  much  dew  at  the 
foot  of  W(dls  and  hedges  ? 
A.  1st. — Because  they  act  as  screens,  to 
arrest  the  radiation  of  heat  from  the  earth  ; 
and 
2nd. — They  themselves  radiate  some  por- 
tion of  heat  towards  the  earth  ;  in  conse- 
quence of  which,  the  ground  at  the  foOt  of 
walla  and  hedges  is  not  sufficiently  cooled 
down,  to  chill  the  vapor  of  the  air  into 
dew. 
1411. 
Q.  Dust  very  rarely  flies  by  night.    Wliy 
k  thiR  ? 


DEW. 

A.  Ist. — Because  the  dews  of  night 
moisten  the  dust  and  prevent  its  rising  into 
the  air :  and 

2nd. — As  the  surface  of  the  earth  is 
colder  than  the  air  after  sun-set,  the  cur- 
rent of  the  wind  will  incline  downward; 
nad  tend  rather  to  press  the  dust  down  than 
to  buoy  it  up. 

1412. 

Q.  Why  is  there  no  dew  after  a  vnndy 
niglit? 

A,  Ist. — Because  the  wind  evaporates  the 
moisture,  as  fast  as  it  is  deposited  ;  and 

2nd. — It  disturbs  the  radiation  of  heat ; 

and  thus  diminishes  the  deposition  of  dewj 

1413.  " 

Q.    Why  are   valleys  and  hollows   oflen  ' 
thickly  covered  with  dew,   although  they 
are  sheltered. 

A.  Because  the  surrounding  hills  pre- 
vent the  repose  of  air  from  being  disturbed; 
but  do  not  overhang  and  screen  the  valleys 
sufficiently  to  arrest  their  radiation. 


Q.  Why  does  dew  fall  more  ahujtdantljL 
on  some  things  than  on  others  7 

A.    Because    some    things   radiate    hw 


n 


freely  than  others ;  and,  therefore,  Ijfr 
me  much  cooler  m  the  night. 

1415. 

Q.  Why  are  things  which  radiate  heal 
\osf  freely  always  the  most  thicldy  covered 
itb  dew  ? 

A.  Because  the  vapor  of  the  air  is  chUkd 
into  dew,  the  moment  it  comes  in  contftct 
with  them. 

141€ 

Q.  WTtat  kind  of  things  radiate  heat  most 
freely? 

A .  Grass,  wood,  and  the  leaves  of  plants, 
railiiite  heat  very  freely;  but  polished 
metal,  smooth  atones,  and  woolen  cloth, 
part  with  their  heat  very  tardily. 

1417. 

Q.  Do  the  leaves  of  all  plants  radiate  heat 
equally  well? 

A.  No.  Rough,  woolly  leaves  (like  those 
of  a  holly-hock)  i*adiate  heat  much  more 
freely  than  the  hard,  smooth,  polished  leaves, 
of  a  common  lam-el. 

1418. 

Q.  Show  the  wisdom  of  God  in  making 
grass,  tlie  leaves  of  trees,  and  all  vegetables, 
excellent  radiators  of  heat  ? 

A.  As  vegetahles  require  much  moistwe, 
»nd  would  often  _pemA  without  a  plentiful 


deposit  of  dew,  God  wisely  made  them  1 
radiate  heat  freely,  so  as  to  chill  the  vapi 
(which  touches  them)  into  dew. 


Q.  Will  polished  metal,  smooth  stones,  i 
woolen  cloth,  readily  collect  dew  ? 

A.  No.  While  grass  and  leavea  of  plai 
are  completely  drenched  with  dew  ;  a  piect  c 
polished  metal,  or  of  woolen  doth  (lying  on  t' 
same  spot,)  will  be  almost  dry. 

1420. 

Q.  Why  would  polished  metal  and  woolen 
doth  be  dry,  while  grass  and  leavea  are 
drenched  with  dew  ? 

A,  Because  the  polished  metal  and  woolen 
cloth  part  with  their  heat  so  slowly,  that  the 
vapor  of  the  air  is  not  chilled  into  dew  as  it  j 
imsses  over  them. 

1421. 

Q.  Why  is  a  gravel  walk  almost  dry  when  ' 
a  grass  plat  is  covered  thick  with  dew  ? 

A.  Because  grass  is  a  good  radiator,  and 
throws  off  its  heat  very  freely;  but  gravel  is 
a  very  bad  radiator,  and  parts  with  its  heat 
very  slowly. 

1422. 

Q    Is  that  the  reason  why  grass  is  satvM 
L     rated  with  dew,  and  the  gravel  is  not  ? 


u 
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A.  Yes.    When  the  vapor  of  Wfirm  tSt 

mes  in  contact  with  the  cold  grass,  it  is 

instantly  chilled  into  dew ;  but  it  is  not  so 

freely  condensed  as  it  passes  over  gravel,  be- 
cause gravel  is  not  so  cold  as  the  grass. 

1423, 

Q.  Why  does  dew  rarely  fall  upon  hard 
rocks  and  barren  lands  ? 

A.  Because  rocks  and  barren  lands  are 
m  compact  and  hard,  that  they  can  neither 
absorb  nor  radiate  much  heat ;  and  (as  their 
temperature  varies  but  veri/  tittle)  very  little 
dew  distils  upon  them. 

1424. 

Q.  Why  does  dew  fall  more  abundantly 
cultivated  soils  than  on  barren  lands  ? 

A.  Because  cultivated  soils  (being  loose 
and  porous)  very  freely  radiate  by  night  the 
heat  which  they  absorbed  by  day  ;  in  con- 
fiequence  of  which  they  are  much  cooled  down, 
Emd  plentifully  condense  the  vapor  of  the 
passing  air  into  dew. 

m  142S- 

'    Q.     Show   the    wisdom   of  God  in    tliia 
'arni.rigeraeut? 

A.  Every  plant  and  inch  of  land,  whicli 
needs  the  moisture  of  dew,  is  adapted  to  cnt- 


ted  it ;  but  noi  a  single  drop  is  wasted  where 
its  i-efresbiug  moisture  is  mt  required. 

1426 

Q.  Show  the  wisdom  in  having  poliahetl 
metd  and  woolen  doth  had  radiators  of  heat? 

A.  If  polished  metal  collected  dew  a» 
easily  as  grass,  it  cotdd  never  he  kept  dry  and 
free  from  rust.  Again,  if  woolen  garments 
collected  dew  as  readily  as  the  leaves  of 
trees,  we  should  be  often  soaking  wet,  and 
subject  to  constant  colds. 

1427. 

Q.  Show  how  this  affords  a  beautiful  illus- 
tration of  Gideon's  miracle,  recorded  in  the 
bookof  Judges,  VI.  37,  38? 

A.  The  fleece  of  wool  (which  is  a  very  had 
radiator  of  heat)  was  soaking  wet  with  dew, 
when  the  grass  (which  is  a  most  excellent 
radiator)  was  quite  dry. 
142a 

Q.  Was  this  not  contrary  to  the  Jaws  of 
nature? 

A.  Yes;  and  was,  therefore,  a  plain  (fe- 
monstration  of  the  power  of  God,  who  could 
thus  change  the  very  nature  of  things  at  his 
will. 

1429. 

Q.  Why  do  our  clothes  feel  damp  after  walk 
iiig  'm  a  fine  evening  in  spring  or  autuntTi  ? 
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A.  Because  the  vapor  (condensed  by  the 
cold  earth)  lights  upon  them  like  dew, 

1430 

Q,  When  is  dew  most  copiously  distilled  ? 

A.  After  a  hot  day  in  summer  or  autumn, 
especially  if  the  wind  blow  over  a  body  of 
water. 

1431. 

Q.  Why  is  dew  distilled  most  copiously 
after  a  hot  day  ? 

A.  Because  the  surface  of  the  hot  earth 
radiates  heat  very  freely  at  sun-set,  and  (be- 
ing made  much  coMer  than  the  air)  chills  the 
passing  vapor  and  condenses  it  into  dew. 

1432, 

Q.  Why  is  there  less  dew  when  the  laind 
I  Hows  across  the  land;  than  when  it  blowfl 
I  ever  a  body  of  water  ? 

A.  Because  the  winds  which  blow  across 
[  the  land  are  dry  and  arid;  but  those  which 
I  cross  the  waler  are  moist  and  fiill  of  vapor. 

1433. 

Q.  How  does  the  dryness  of  the  wind  pre- 
t  Vent  dew-falls  ? 

A.  As  winds  which  blow  over  the  land 
are  very  dry,  they  imbibe  the  moisture 
of  the  jiir ;  in  consequence  of  which,  there 
's  very  Utile  left  to  he  condensed  into  dew. 
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>  1434. 

Q.  How  does  the  moisture  of  the  wind 
promote  dew-falls ; 

A.  As  winds  which  blow  over  water  are 
saturated  with  vapor ,  they  require  very  little 
I  eduction  of  heat  to  cause  a  copious  deposition 
iij  dew. 

1435. 

Q.  Does  not  air  radiate  heat,  as  well  as 
the  earth  and  its  various  plants  ? 

A.  No.  The  air  never  radiates  heat;  nor 
is  the  air  made  hot  by  the  rays  of  the  sun. 

1436. 

Q.  YH^iji&eYQmrL^dew  injurious  to  health? 

A.  Because  it  is  always  laden  with  nox- 
ious exhalations  from  the  earth;  especially  in 
marshy  countries. 

1437. 

Q.  Is  honey-dew  a  similar  thing  to  dew  ? 

A.  No.  Honey-dew  is  a  sweet  liquid  shed 
by  a  very  small  insect  (called  the  aphis)  and 
deposited  in  autumn  on  the  under  surface 
of  favorite  leaves. 

1438. 

Q.  Does  honey-dew  injure  leaves,  or  do 
them  good  ? 

A.  It  injures  them  very  much,  by  filling 
^he  pores  with  a  thick,  clammy  liquid ;  in 

33 
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consequence  of  which,  the  leaf  can  neithei 
transpire  nor  absorb  its  needful  food, 

1439. 

Q.  What  effect  has  honey-dew  upon  tlic 
appearance  of  a  leaf  ? 

A.  After  a  little  time,  the  leaf  (being 
smothered  and  starved)  begins  to  turn  a  dingy 
yellow. 

1440. 

Q.  Are  not  ants  very  fond  of  honey-dew  ? 

A.  Yes  ;  and  crawl  up  the  loftiest  trees 
in  order  to  obtain  it. 

1441. 

Q,  Why  is  a  dew-drop  round  ? 

A.  Because  every  part  of  it  is  equally  ba- 
lanced; and,  therefore,  there  is  no  cause  why 
one  part  of  the  drop  should  be  further  from 
the  centre  than  another. 

1442. 

Q.  Why  is  the  dew-drop  (on  a  broad  leaf) 
sometimes  flattened  ? 

A.  Because  two  or  more  drops  of  dew  roll 
together,  and  make  one  large  spheroid  (or 
flattened  drop.) 

1443. 

Q.  Why  will  dew-drops  roll  about  cabbage- 
plants  ^  poppies^  etc.,  without  wetting  the 
surface? 
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A.  Because  the  leaves  of  cabbages  and 
p4)ppies  are  covered  with  a  very  fine  tvaxcn 
powder,  over  which  the  dew-drop  rolls  with- 
out wetting  the  surface,  as  a  drop  of  rain 
would  over  dust. 

1444. 

Q.  Wliy  does  not  a  drop  of  rain  wet  the 
dust  over  which  it  rolls  ? 

A.  Because  dust  has  no  affinity  for  water, 
and,  therefore,  repels  it. 

144' 

Q.  Why  does  not  the  dew-drop  wet  the 
powder  of  the  cabhage-plant  ? 

A.  Because  the  fine  powder  which  covers 
the  cabbage  leaves  has  no  affinity  for  water, 
and,  therefore,  repels  it. 

1446. 

Q.  Why  will  dew-drops  roll  over  a  rose, 
etc.,  without  wetting  the  petals  ? 

A.  Because  the  leaves  of  a  rose  contain 
an  essential  oil^  which  has  no  affinity  for  wa- 
ter, and,  therefore,  repels  it. 

Q.  Why  can  swans  and  ducks  dive  under 
water  without  being  wetted  1 

A.  Because  their  feathers  are  covered 
with  an  oily  secretion,  which  has  no  affinity 
for  water  and,  therefore,  repels  it. 
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1446. 

Q.  Wiat  is  Rain  ? 

A.  Ruin  is  the  vapor  of  the  clouds  or  air, 
I  condensed  and  precipitated  to  the  earth. 

1449. 

Q.  Does  rain-water  possess  any  fertilizing 
I  properties,  besides  that  of  mere  Tnoisture  ? 

A.  Yes ;  rain-water  contains  an  abun- 
I  dance  of  carbonic  add,  and  a  small  quantity 
I  «f  ammonia  ;  to  which  much  of  its  fertilizing 
I  |(ower  may  be  attributed. 

1450. 

Q.  Why  are  there  more  rainy  days  from 
f-'eptember  to  March,  than  from  March  to 
September  1 

A.  Because  the  temperature  of  the  air  is 
rnnstantly  decreasing,  and  its  capacity  for 
holding  vapor  decreases  also ;  in  conee- 
quence  of  which,  it  is  frequently  obliged  to 
part  with  some  of  its  vapor  in  rain. 

1451. 

Q.  In  what  part  of  the  world  does  rain 
fall  most  abundantly  ? 

A.  Near  the  ei/Mo/fw;  and  the  quantity  of 
I'ain  decreases  as  we  approach  the  poles. 

itth'-nuerewcrTainrd 
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1452. 

Q.  Why  is  there  less  rain  from  March  to 
Septeniber,  than  from  September  to  March  ? 

A.  Because  the  temperature  of  the  air  is 
rcnstmitly  increasing;  on  which  account  its 
capacity  for  holding  vapor  is  on  the  increase 
and  very  little  is  precipitated  as  rain. 

1453. 

Q.  Why  does  rain  fall  in  drops? 

A.  Because  the  vapory  particles  in  their 
descent  attract  each  other;  and  those  which 
are  sufl&ciently  near  unite,  and  form  into 
drops. 

1454. 

Q.  Why  does  not  the  cold  of  nigfU  always 
cause  rain  ? 

A.  Because  the  air  is  not  always  near 
Baturation ;  and  unless  this  be  the  case,  it 
will  be  able  to  hold  its  vapor  in  solution, 
even  after  it  is  condensed  by  the  chilly 
night. 

1455. 

Q.  Why  does  a  passing  cloud  often  drop 
rain? 

A.  Because  the  cloud  (traveling  about  on 
the  wind)  comes  into  contact  with  something 
that  chiUs  it;  and  its  vapor  being  condensed 
fdls  to  the  earth  as  rain, 
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1456. 

Q.  Why  are  rain-drops  sometimes  much 
larger  than  at  other  times  ? 

A.  Because  the  rain-cloud  is  floating  near 
Ike  earth;  when  this  is  the  case  the  drops 
are  large,  because  such  a  cloud  is  much 
more  dense  than  one  more  elevated. 

The  size  of  the  rain-drop  ii  also  increased  according  to  t]ienqmf»fy  wkb 
which  the  vapors  are  condensed. 

1457. 

Q.  Does  not  tvind  sometimes  increase  the 
size  of  rain-drops  ? 

A.  Yes ;  by  blowing  two  or  more  drops 
into  one. 

1458. 

Q.  Why  do  clouds  fall  in  rainy  weather? 

A.  l8t, — Because  they  are  heavy  with 
abundant  vapor ;  and 

2nd. — The  density  of  the  air  being  di- 
minished,  is  less  able  to  buoy  the  clouds  up. 

1459. 

Q.  How  do  you  know  that  the  density  of 
the  air  is  diminished  in  rainy  weather  ? 

A.  Because  the  mercury  of  a  barometer 

falls. 

1460. 

Q.  Why  is  rain-water  more  fertilizing  than 
pump-water  i 
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A.  1st. — ^Because  it  contains  more  car- 
bonic acid;  and 

2nd. — It  contains  also  a  small  quantity 
of  ammonia^  with  which  it  supplies  the 
young  plants. 

It  18  prtdbable  thnt  the  nmmonia  of  rain-vrater  is  merely  that  which 
rwapeit  from  patrefyiiig  animal  matters,  beaten  back  by  the  force  of  the 
•bitwer. 

1461 

Q.  Why  does  rain  purify  the  cdr  ? 

A.  1st. — Because  it  heats  down  the  noxious 
exhalations  collected  in  the  air,  and  dissolves 
them; 

2nd. — ^It  mixes  the  air  of  the  upper  re- 
gions with  that  of  the  lower  regions;  and 

3rd. — ^It  washes  the  earthy  and  sets  in  mo- 
tion the  stagnant  contents  of  sewers  and 
ditches. 

1462. 

Q.  Why  are  mountainous  countries  more 
rainy  than  flat  ones  ? 

A.  Because  the  air  (striking  against  the 
sides  of  the  mountains)  is  carried  up  the  in- 
dined  plane,  and  brought  in  contact  with  the 
cold  air  of  the  higher  regions;  in  conse- 
quence of  which,  its  vapor  is  condensed,  and 
deposited  in  rain. 

1463. 

Q.  Why  does  a  sponge  swell  when  it  is 
mtted? 
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A .  Because  the  water  penetrates  the  pores 
of  the  sponge  by  capillary  attraction,  and 
drives  the  particles  further  from  each  other  ; 
in  consequence  of  which,  the  bulk  of  the 
eponge  is  greatly  increased. 

1464. 

Q.  Why  do  fiddle-strings  snap  in  wet  wea- 
ther? 

A.  Because  the  moisture  of  the  air  (pene- 
trating the  string)  causes  it  to  swell;  and  (as 
the  cord  thickens)  its  tension  is  increased,  and 
the  string  snaps. 

1465. 

Q.  Why  does  paper  pucker  when  it  is 
wetted? 

A.  Because  the  moisture  (penetrating  the 
paper)  drives  its  particles  further  apart;  and 
(as  the  moisture  is  absorbed  unequdly  by 
the  paper)  some  parts  are  more  enlarged 
than  others  ;  in  consequence  of  which,  the 
paper  blisters  or  puckers. 

14€6 

Q.  Why  do  candles  and  lamps  spirt ^  when 
ram  is  at  hand  ? 

A.  Because  the  air  is  filled  with  vapor 
which  penetrates  the  wick;  where  (being 
lot  xned  into  steam)  it  expands  suddenlj^  and 
■      ""Mces  a  little  explosion. 
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1467. 

Q.  In  which  part  of  the  day  does  the  most 
rain  iall  ? 

A.  More  rain  falls  by  night  than  by  liay ; 
because  the  cold  night  condenses  the  air,  iind 
dimmishes  its  capacity  for  holding  vapor  in 
flolution. 

1466. 

Q.  Does  more  rain  fall  in  summer  or  m 
minter? 

A.  There  are  more  rmny  days  from  Sep- 
tember to  March  ;  but  heavier  rains  between 
March  and  September. 

1469. 

Q.  What  beneficial  effect  baa  rain  upon 
fallen  leaves  ? 

A.  It  hastens  the  putrefaction  of  the  fallen 
leaves;  and  this  makes  the  earth  fertile. 


Q.  Why  do  swallows  fiy  low,  when  rcdn 
is  at  hand  ? 

A.  Because  the  insects  (of  which  they  are 
in  pursuit)  have  jkd  from  the  cold,  upper  re- 
giOTis  of  the  air,  to  the  warm  air  near  the 
earth ;  and,  as  their  food  ts  low,  the  swal- 
lows jl;/  low. 

1471. 

Q    Why  do  these  insects  seek  the  lower 
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regions  of*  the  air  in  rvet  weather,  more  than 
in  fine  weather  ? 

A.  Because  (in  wet  weather)  the  upper 
regions  of  the  air  are  colder  than  the 
lower;  and,  as  insects  enjoy  warmth,  they 
seek  it  near  the  earth. 

1472. 

Q,  Why  do  seorguLls  fly  about  the  sea  in 
fine  weather  ? 

A.  Because  they  live  upon  the  fishes y  which 
are  found  near  the  surface  of  the  sea  in  fine 
weather. 

1473. 

Q.  Why  may  we  expect  stormy  rainSj 
when  sea-gulls  assemble  on  the  land  ? 

A/  Because  the  fishes  (on  which  they 
live)  leave  the  surface  of  the  sea  in  stormy 
weather,  and  are  beyond  the  reach  of  the 
sea-gulls;  in  consequence  of  which,  they  are 
obliged  to  feed  on  the  worms  and  larvcey 
which  are  driven  out  of  the  ground  at  such 
times. 

^^LarvXy'''*  little  grubs  and  caterpillars. 
1474. 

Q.  Why  do  petrels  fly  to  the  sea  during  a 
storm  ? 

A.  Because  they  live  upon  sea  insects^ 
which  are  always  to  be  found  in  abundance 
abotd  the  spray  of  swelling  waves. 
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N.  B.  Petreli  are  birdu  of  the  dack-kind,  which  live  in  the  open  sea 
rhey  ran  on  the  tiip  <>f  the  waves,  and  are  called  Petrels,  or  rather  Peter 
eis,  rroni  "St.  Peicr,-*  in  allusion  to  his  Mralking  on  the  sea,  togo  tc 
Jeraa. 

1475 

Q.  What  is  snow  ? 

A.  The  condensed  vapor  of  the  air/ro2'e» 
and  precipitated  to  the  earth. 

1476. 

Q.  What  is  the  cause  of  snow  ? 

A.  When  the  air  is  nearly  saturated  with 
vapor,  and  condensed  by  a  current  of  air 
below  freezing  pointy  some  of  the  vapor  is 
condensed,  and  frozen  into  snow, 

A  few  years  ago,  some  fishermen  (who  wintered  at  Nova  Zembia,) 
after  they  had  been  shut  up  in  ii  hut  for  several  days,  <^pentd  the  window^ 
and  the  eold  external  air  rushing  in,  instantly  condensed  the  air  of  the  hut, 
ind  its  vapor  fell  on  the  floor  in  a  shower  of  snow. 

1477. 

Q.  Why  does  snow  fall  in  winter  time  ? 

A.  Because  the  sun's  rays  are  too  oblique 
to  heat  the  surface  of  the  earth ;  and  (as 
the  earth  has  no  heat  to  radiate  into  the  air) 
the  air  is  very  cold. 

1478. 

Q.  What  is  the  cause  of  sleet  1 

A.  When  flakes  of  snow  (in  their  descent) 
pass  through  a  bed  of  air  chove  freezing  point, 
they  partially  melt :  and  fall  to  the  earth  as 
half  melted  snow,  or  sleet. 

1479. 

Q .  What  is  the  use  of  snow  ? 
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A.  To  keep  the  earth  wormy  and  to 
nourish  it. 

1480. 

Q.  Does  snow  keep  the  earth  warm  ? 

A,  Yes,  because  it  is  a  very  bad  cm* 
duclor;  in  consequence  of  which,  when  the 
earth  is  covered  with  snow,  its  temperature 
very  rarely  descends  below  freezing  point, 
even  when  the  air  is  fifteen  or  twenty  de- 
grees colder. 

1481. 

Q.  Why  is  snow  a  bad  conductor  of  heat 
and  cold? 

A.  Because  air  is  confined  and  entangled 
among  the  crystals ;  and  air  is  a  very  bad 
conductor:  when,  therefore,  the  earth  is 
covered  with  snow,  it  cannot  throw  off  its 
heat  by  radiation. 

1482. 

Q.  Tell  me  the  words  of  the  Psalmist 
(cxlvii.  16)  respecting  snow;  and  explain 
what  he  means  ? 

A.  The  Pscalmist  says — "  The  Lord  giv- 
eth  snow  like  wool;''  and  he  means,  not 
only  that  snow  is  as  white  as  wool,  but  that 
it  is  also  as  warm  as  wooL 

4 

1483. 

Q.  Why  is  wool  warm? 
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A.  Because  air  is  entangled  among  the 
fibres  of  the  wool ;  and  air  is  a  very  bad 
wnductor. 

14S4, 

Q.  Why  is  snow  warm  ? 

A.  Because  air  is  entangled  among  ttti 
crystals  of  the  snow  ;  and  air  is  a  very  bdi 
conductor. 

1485. 

Q.  "Vyhy  does  snow  nourish  the  earth? 

A.  Because  it  supplies  moisture  contain.1 
ing  carbonic  acid;  which  penetratea  slowly 
into  the  soil,  and  insinuates  itself  through 
every  clod,  ridge,  and  furrow. 

I486. 

Q.  Why  is  there  no  snow  in  summer  time  ? 

A.  Because  the  heat  oj  the  earth  melts  i 
in  its  descent,  and  prevents  it  from  reach? 
ing  the  surface  of  the  earth 

1407- 

Q.  Why  arc  some  mountains  always  covered 
with  snow  ? 

A.  1st. — Because  the  air  on  a  big 
mountain  is  more  rarefied  ;  and  rarefied  a 
ifllains  much  heat  in  a  latent  state :  and  ' 

2nd, — Mountain-tops  are  not-  surroundeiT 
by  forth,  to  radiate  heat  into  the  air;  and, 
therefore,  the  snow  is  not  melted  in  its  de- 
34 
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scent,  but  falls  on  the  mountain,  and  liefl 
there. 

1488. 

Q.  Why  is  snow  white  ? 

A.  Because  it  is  fonned  of  an  infinite 
number  of  very  minute  crystals  and  prisms, 
which  reflect  all  the  colors  of  the  rays  of 
light  from  different  points ;  and  these  co- 
lors, uniting  before  they  meet  the  eye,  cause 
snow  to  appear  white. 

Fhe  same  answer  applies  to  salt,  loaf-sogar,  ete. 

1489. 

Q.  What  is  hail  ? 

A.  Rain,  which  has  passed  in  its  descent 
through  some  cold  bed  of  cdr,  and  has  been 
frozen  into  drops  of  ice. 

1490. 

Q.  What  makes  one  bed  of  air  colder  than 
another  ? 

A.  It  is  frequently  caused  by  electricity 
unequally  distributed  in  the  air. 

1491. 

Q.  Why  is  hail  frequently  accompanied 
with  thunder  and  lightning? 

A.  1st. — Because  the  congelation  of  water 
into  hail  disturbs  the  electricity  of  the  air  ; 
and 

2nd. — The  friction  (produced  by  the  fall 

hail)  excites  it  still  more. 
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1492. 

Q.  Why  does  hail  fall  generally  in  sum' 
mer  and  autumn? 

m 

A.  1st. — ^Because  the  air  is  more  highly 
electrified  in  summer  and  autumn  than  in 
muter  and  spring :  and 

2nd. — The  vapors  in  summer  and  au- 
tumn (being  rarefied)  ascend  to  more  ele- 
vated regions,  which  are  colder  than  those 
nearer  the  earth. 

1493. 

Q.  What  two  things  are  essential  to  cause 
haa? 

A.  Two  strata  of  clouds  having  opposite 
electricities y  and  two  currents  of  wind.  The 
lower  cloud  (being  negative)  is  the  one  pre- 
cipitated  in  hail. 

1494. 

Q.  When  is  the  vapor  of  the  air  or 
clouds  precipitated  in  hail,  rain,  or  snow  ? 

A.  When  the  air  is  saturated  with  vapor, 
and  a  cold  current  condenses  it ;  it  is  then 
no  longer  able  to  hold  all  its  vapor  in  solu 
tion,  and  some  of  it  falls  as  rain. 
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1495. 

Q.  What  is  the  cause  of  mist  ? 


A.  Currents  of  air  from  the  water  com- 
;  in  contact  with  colder  land  currents. 

1496, 

Why  are  the  currents  of  air  from  the 
{  colder  than  those  blowing  over  wafer  ? 
A.  Because  the  earth  radiates  heat  after 
tun-set,  more  freely  than  water,  conse- 
tuently  the  air  whirh  comes  in  contact  wi^ 
fee  land  is  colder  than  that  which  comelflt 
lontact  with  the  water.  ^H 

1497.  ^ 

Q.  Why  are  windows  often  covered  with 
thick  mist,  and  the  frames  wet  with  stand- 
_.ing  water  ? 
m    A.  Because  the  temperature  of  the  ex- 

mternd  air  always  falls  at  sun-set,  and  chUls 

*■  the  window-glass    with  which  it  com^^BJ 

contact.  ^^1 

I49B.  ^H 

Q.  How  does  this  account  for  theWW 
and  waf-er  on  a  window  ? 

A.  As  the  warm  vapor  of  the  room 
touches  the  cold  glass  it  Is  chilled  and  con- 
densed  into  mist ;  and  the  mist  (collecting 
into  drops)  rolls  down  the  window-frame  iu 
little  streama  of  water. 

1499. 

Q    Does  the  glass  of  a  window 


J 
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more    rapidly   than   the  air   of  the   roo^f 
itself?  fl 

A.  Yes ;  because  the  air  is  kept  warm  AJH 
fa-es,  and  by  the  animal  heat  of  the  peopl^B 
in  the  room ;  in  consequence  of  which,  the 
BJr  of  a  room  suffers  very  little  diminution 
of  heat  from  the  setting  of  the  sun. 

1500.  J 
Q.  Whence  arises  the  vapor  of  a  room?B 
A.  Ist. — The  very  air  of  the  room  con--* 

tains  vapor  ; 

2nd. — The  breath  and  insensible  perspira- 
tion of  the  inmates  increase  this  vapor;  s^^v^am 

3rd. — Hot  dinners,  the  steam  of  tea,  an^H 
BO  on,  increase  it  still  more.  V 

1501.  I 

Q.  What  is  meant  by  "  the  insensible  ^cr-J 
spiration  ?"  ■ 

A.  From  every  part  of  the  human  body, 

on  insensible  and  invisible  perspiration  issues 

all  night  and   day;  not  only   in  the  hot 

^  weather  of  summer,  but  also  in  the  coldesta 

day  of  winter.  ■ 

1502.  ^ 
Q.  If  the  perspu-ation  be  both  inseTwifiiM 

and  invisible  how  is  it  known  that  there  U 

any  such  perspiration  ?  fl 

^^^L  If  you  put  your  naked  arm  into  fl 

^H  34-  ■ 


clean,  dry  glass  tube,  the  perapiration  will 
condense  on  the  glass  Uke  mist. 

1303. 

Q.  Why  are  carriage  windows  vei 
lovered  with  thick  mist? 

A,  Because  the  warm  vapor  of  the  ca»v 
triage  is  condensed  by  the  cold  glass,  and 
lovcra  it  with  a  thick  mist. 

1504. 

Q.  WliT/  ia  the  glass  window  cM  enough 
3  condense  the  vapor  of  the  carriage  ? 

A,  Because  the  inside  of  a  carriage  is 
■much  warmer  than  the  outside;  and  the 
■jf^lass  window  is  made  cold  by  contact  with 
|ihe  external  air. 

1305. 

Q.  Where  does  the  warm  vapor  of  the 
I  carnage  come  from  ? 

A.  The  warm  breath  and  inaensible  per- 
^piration  of  the  persons  riding,  load 
pf  the  carriage  with  warm  vapor. 

1506. 

Q.  Wliat  is  the  cause  of  the  pretty_ 
work,  seen  on  bed-room  windows  in  wintCT*' 
lime? 

A.  The  breath  and  insensible  perspiration 
the  sleeper  (coming  in  contact  ^vith  the 

e-cold  window,)  are  frozen  hj  the  ooW 
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gloss,  and  form  those  beautiful  appearances 
Been  in  our  bed-rooms  on  a  winter  morn- 
ing. 

1507, 

Q.  Why  is  the  glass  of  a  window  coldei 
than  the  walls  of  a  room  ? 

A.  Because  glass  is  so  excellent  a  radia- 
tor, that  it  parts  wi'-h  its  heat  more  rapidly 
than  the  walls  do. 

1508. 

(\  Why  is  a  tumbler  of  cold  water  i 
quite  dull  with  mist,  when  brought  into  q 
room  full  of  people. 

A.  Because  the  hot  vapor  of  the  room  i 
condensed  upon  the  cold  tumbler,  with  which  ' 
it  comes  in  contact ;  and  changes  its  invi- 
sible and  gaseous  form  into  that  of  a  thick 
mist. 

1S09. 

Q.  Why  is  a  glass  mode  quite  didl  by  ^ 
laying  a  kol  hand  upon  it  ? 

A.  Because  the  insensible /jerjfpirfl/zon  of 
the  hot  liand  is  condensed  upon  the  cold 
glass,  and  made  perceptible. 

1510. 

Q.  Why  are  wine-glasses  maxle  quite  dtdt, 
when  they  are  brought  into  a  room  full  of 
eompani/? 


A.  Because  the  hot  vapor  of  the  room 
[(coming  in  contact  with  the  cold  wine- 
jhisses)  is  condensed  upon  them,  and  covers 
Uieni  with  vapor,  litte  dew. 

1511. 

Q  Why  does  this  misty  appearance  go 
off,  after  a  little  time  ? 

A.  Because  the   glass  becomes   of  the 

■  same  temperature  iis  the  air  of  the  room ; 

and  will  no  longer  chill  the  vapor  which 

I  touches  it,  and  condense  it  into  mist. 
1512. 
^    Q.  Why  is  a  wine-glass  (which  has  been 
■fcrought  out  of  a  cellar  into  the  air)  covered 
■with  a  thick  mist  in  summer  time  ? 
A.  Because  the  vapor  of  the  hot  air  ia 
condensed  into  a  thick  mist  by  contact  with 
the  cold  glass. 
1513. 
Q.  Why  does  breathing  on  a  glass  make 
it  quite  dull  ? 

A,  Because  the  hot  breath  is  condensed 
by  the  cold  glass;  and  therefore,  covers  it 
J  with  a  thick  mist. 

I  1514. 

I  Q.  Why  are  the  walls  of  a  house  covered 

with  wet  in  a  sudden  thaw  ? 

A    Because  the  walls  (being  thick)  c«n- 
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not  change  their  temperatun  so  fast  as  the 
nir;  in  consequence  of  which,  they  retain 
their  cold  after  the  thaw  has  set  in. 

1515. 

Q.  How  does  "retaining  their  cold" 
count  for  their  being  so  wet? 

A.  Ab  the  vapor  of  the  warm  air  touchea 
the  cold  walls,   it  is  chilled  and   cojidetised  _ 
into  water;  which  either  sticks  to  the  ^ 
or  trickles  down  in  little  streams. 

1516, 

Q.  Why  does  a  thick  well-built  house  con- 
tract more  damp  of  thia  kind  than  an  ordi- 
nary one? 

A.  Because  the  walls  are  much  thicker; 
and  (if  the  frost  has  penetrated  far  into  the 
bricks)  tliey  will  be  some  time  before  they 
are  reduced  to  the  same  temperature  as  t' 


Q.  Why  are  balusters,  etc.,  damp  after  a 
thaw? 

A.  Because  they  are  made  of  some  very 
close-grained  varnished  wood,  which  can- 
not change  its  temperature  so  fast  as  the  air. 


Q.  How  does  this  account  for  the  bdtis* 
lu's  being  damj)? 


^ 
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A.  The  vapor  of  the  warm  air  (coming 
contact  with  the  cold  balusters)  is  chilled 
and  condensed  into  water  upon  them. 

1519. 

Q.  Why  is  our  breath  visible  in  wintrr  and 
vot  in  summer? 

A.  Because  the  intense  cold  condenses 
four  breath  into  visible  vapor;  but  in  summer 
Lttie  air  is  not  cold  enough  to  do  so. 

1520. 

Q.  Why  are  our  hair  and  the  brim  of  our 
hut  often  covered  with  little  drops  of  pearly 
dew  in  winter  time  ? 

A.  Because  our  breath  is  condensed  as 
Boon  as  it  comes  in  contact  with  our  cold 
hair  or  hat,  and  hangs  there  in  little  dew- 
drops. 

1521. 

Q.  What  is  the  cause  of  fog? 

A.  If  the  night  has  been  very  cdm,  the 
radiation  of  heat  from  the  earth  has  been 
very  abundant;  in  consequence  of  whicli, 
the  air  (resting  on  the  earth)  hiis  been 
chilled,  and  itfi  vapor  condensed  into  a  thick 
mist. 

1522. 

Q.  Why  does  not  the  mist  become  dew  ?    ■ 
A.  Because  the  chill  of  the  air  is  so  rapids 
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that  vapor  is  condensed  faster  than  it  cai 
1  be  deposited;  and  (covering  the  earth  in  i 
I     mist)  prevents  any  further  radiation  of  heatm 

from  the  earth. 

j  1523. 

Q.  When  the  earth  can  no  longer  radiate 
heat  upwards,  does  it  continue  to  condense 
the  vapor  of  the  air  ? 

A.  No ;  the  air  (in  contact  with  the  earth) 
becomes  about  equal  in  temperature  with  the 
surface  of  the  earth  itself;  for  which  reason 
the  mist  is  not  condensed  into  dew,  but  re- 
mains Jloating  above  the  earth  as  a  thick 
cloud. 

1524. 

Q.  This  mist  eeems  to  rise  higher  and! 
higher,  and  yet  remains  quite  as  dense  be-J 
low  as  at  first.     Explain  the  cause  of  thia  t^ 

A.  The  air  resting  on  the  earth  is  first 
(dulled,  and  chills  the  air  resting  on  it ;  the^ 
air  which  touches  this  new  layer  of  mist,  be- 
ing also  condensed,  layer  is  added  to  layer ; 
and  thus  the  mist  seems  to  be  rising,  when 
(in  fact)  it  is  only  deepenir^. 

1525, 

Q.  Why  do  misi  and  dew  vanish,  ns  thaiS 
sun  rises  ? 

A.  Because  the  air  becomes  warmer  at 
-Um-rise,  and  absorbs  the  vapor. 


^ 


Q.  What  is  the  cause  of  a  London  fog  ? 

A.  These  fogs  (which  occur  generally  in 

the  winter  timejare  occasioned  thus: — Some 

current  of  air  (being  suddenly  cooled)  rfff- 

^ends  into  the  loarm  streets,  forcing  back  the 

emoke  in  a  mass  towards  the  earth. 

1527. 

Q.  Why  are  there  not  fogs  evert/  night  T 
A.  Because  the  air  will  always  hold  in 
Boliition  a  certain  quantity  of  vapor,  (whicb 
varies  according  to  its  temperature  ;)  and, 
when  the  air  ia  not  satur^ed,  it  may  be 
cooled  without  parting  with  its  vapor. 

152B 

Q.  When  do  fogs  occur  at  night  1 
A.  When  the  air  is  saturated  with  vapor 
during  the  day.  When  this  is  the  case,  it 
deposits  some  of  its  superabundant  moisture 
in  the  form  of  dew  or  fog  as  soon  as  its 
capacity  for  holding  vapor  is  lessened  by 
'tlie  odd  night. 

1529. 

Q.  Why  ia  there  very  often  a  fog  over 
ViOTshes  and  rivers,  at  night-time  ? 

A,  Hecause  the  air  of  marshes  is  al- 
most  always  near  saturation;  and,  there- 
fore, the  least  depression  of  temperature  will 
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compel  it  to  relinquish  Bome  of  its  moietura 
in  the  form  of  dew  or  fog.  I 

1530.  J 
Q.  Why  does  vapor  sometimes  form  into  ] 

chads,  and  sometimes  rest  upon  the  earth  I 
as  mist  or  fog  ?  I 

A.  This  depends  on  the  temperature  of  I 
the  air.  When  the  surface  of  the  earth  is  I 
ivarmer  than,  the  air,  the  vapor  of  the  earth  j 
(being- condensed  by  the  chill  air)  becoraea  ] 
mist  or  fog.  But,  when  the  air  is  warmer  i 
than  the  earth,  the  vapor  rises  through  the  air,  1 
and  becomes  cloud.  ] 

1531.  I 
Q.  Why  do  A;7Z5',  etc.,  appear /arger  in  ««/  I 

weather  ? 

A.  Because  the  air  is  laden  with  vapor,  j 

which  causes  the  rays  of  light  to  -diverse  1 

more  ;  in  consequence  of  which,  they  pro-  ] 

duce  on  the  eye  larger  images  of  objects.  1 

1532.  I 

Q.  Why  do  frees,  etc.,  in  wet  weather  ap-  j 
^^tar  further  off  than  they  really  are.  ] 

A.  Because  the  fog  or  mist  diminifhrs  tite  I 
light  reflected  from  the  oliject ;  and  as  the  j 
object  becomes  more  dim,  it  seems  to  be/«r-  J 

k_ J 
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1533. 

Q.  What  is  the  difference  between  a  mUt 
and  a  fog  ? 

A.  Mist  is  generally  applied  to  vapors 
condensed  on  marshes,  rivers,  and  lakes. 

Fog  is  generally  applied  to  vapors  con- 
densed on  land;  especially,  if  those  vapors 
are  laden  with  smoke. 

1534 

Q.  What  is  the  reason  why  condensed 
vapor  sometimes  forms  into  cZ^w/rf^,  and  some- 
times into  fog  ? 

A.  If  the  surface  of  the  earth  is  hotter 
than  the  air,  the  vapor  of  the  earth  is  chilled 
by  the  cold  air,  and  becomes  fog;  but  if  the 
air  is  hotter  than  the  earth,  the  vapor  rises 
through  the  air,  and  becomes  cloud. 

1535. 

Q.  If  cold  air  produces  fog,  why  is  it  not 
foggy  on  a  frosty  morning  ? 

A.  1st. — Because  less  vapor  is  formed  on 
{I  frosty  day;  and 

2nd. — The  vapor  is  frozen  upon  the 
ground,  before  it  can  rise  from  the  earth, 
and  becomes  hoar-frost. 

1536. 

Q.  Why  are  fogs  more  general  in  au- 
iumn  than  in  spring  ? 


MtST,  fUG,  FROST.  41J 


I  .      A.  The  earth  in  spring  is  not  so  hot  as  it 
is  in  autumn  ;  in  consequence  oCfinhich,  ita 
vapor  is  not  chilled  luto  fog  as  it  issues  inta  J 
the  ail', 

1537. 

'         Q.  Why  are  fogs  more  common  in  valley»\ 

than  on  hills  ; 
1         A.    1st. — Because  valleys  contain  morel 
I     moisture  than  hills;  and 

2nd. — They  are  not  exposed  to  sufficient  1 

vnnd  to  dissipate  the  vapor. 

1538. 

Q.  How  does  wind,  c 
A.  Either  by  blowing  them  away ;  or  else 
by  dissolving  them  into  vapor  again. 

1539 

Q.  What  m  hoar-frost  ? 
A.  There  are  two  sorts  of  hoar-froat ; 
1. — Frozen  dew;  and  2. — Frozen  fog. 

1540. 

Q.  What  is  the  cause  of  the  ground  hoar' 
ffost,  or  frozen  dew  ? 

A.  Veiy  rapid  radiation  of  heat  from  the 
•iirth  ;  in  consequence  of  which,  the  surface 
is  so  cooled  down,  that  it  freezes  the  dew  con- 
densed upon  it. 
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1541. 

Q  \Vli3(ji8  hoar-front  Been  only  after  u 
very  dear  night  ? 

A.  Because  the  earth  will  not  have 
llirown  off  heat  enough  by  radiation  to 
freeze  the  vapor  condensed  upon  its  surface, 
unless  the  night  was  very  clear  indeed. 

1542. 

Q.  What  is  the  cause  of  that  hoar-frost 
I'Which  arises  fvom  frozen  fog  ? 

A.  The  thick  fog  which  invested  the 
loarth  during  the  niii'ht  (being  condensed  by 
I  the  cold  frost  of  early  morning,)  is  congeded 
I  Upon  every  f^jed  with  which  it  comes  in 
I  contact. 

1543. 

Q.  Why  is  there  little  or  no  hoar-frost 
I  under  shrubs  and  shady  trees  ? 

A.  1st. — Because  the  leafy  top  arrests 
.  the  process  of  radiation  from  the  earth  ; 

2nd. — Shrubs  and  trees  radiate  heat  to- 
wards the  earth ;  and,  therefore,  the  ground 
beneath  is  never  cold  enough  to  congeal  the 
I  ittle  dew  which  rests  upon  it. 

Q.  Why  does  hoar-frost  very  often  codct 
the  ground  ami  frees,  when  the  water  of 
rivers  is  not  frozen  ? 


A.  Because  it  is  not  the  effect  of  cold 
(he  air,  but  cold  on  the  surface  of  the  earti 
(produced    by  excessive  radiation,)  whi< 
freezes  the  dew  condensed  upon  it. 

1545. 

Why  is  the  hoar-frost  upon  grass  and 
bks  much  thicker  than  that  upon  lofty 
trees? 

A.  Because  the  air  (restmg  on  the  surface 
of  the  ground)  is  much  colder  after  sun-scl 
than  the  air  higher  up  ;  in  consequence  of, 
which,  more  vapor  is  condensed  and  fro^^ 
there. 


,nd        1 


^^K  CHAP.  IV.— ICE. 

^^^.  What  ia  ice  ? 

A.  Frozen  water.     When  the  air  ia  re- 
I     duced  to  thirty-two  degrees  of  heat,  water 

Rno  longer  i-emain  in  &  fluid  state 
■134-'. 
.  Why  is  solid  ice  lighter  than  water  1 
A.  Because  water  expands  by  freezing , 
and  as  tlie  hulk  is  increased,  the  gravity  must 
I    be  less.  i 

^^^K  Why  do  ewers  break  in  a  frosty  night^^^M 

1    ""         1 


A.  Because  the  water  in  them  Jretzts, 
and  (expanding  by  frost)  burst  the  ewers  to 
make  room  for  its  increased  volume. 


Q.  Why  does  it  not  expand  upwards  (like 

toiling  water,)  and  run  over? 

A.  Because  the  swface  is  frozen  first;  and 

fthe  frozen  surface  acts  as  a  plug,  which  is 

nore  difficult  to  burst  than  the  porcelain 

(ewer  itself. 

1550. 

Q.  Why  do  tUes,  stones,  and  rocks  often 
Ifplit  in  winter 

A.  Because  the  moisture  in  them  freezes; 
!Hnd  (expanding  by  frost)  splits  the  solid  mass. 

1551, 

Q.  In  winter  time,  foot-marks  and  wheel- 

nts  are  often  covered  with  an  icy  net-work, 

fethrough  the  interstices  of  which  the  soil  is 

jolearly  seen  ;  why  does  the  water  freeze  in 

\net-work  ? 

A.  Because  it  freezes  first  at  the  sides  of 
the  foot- prints;  other  crystals  gradually 
sliDot  across,  and  would  cover  the  whole 
wirface,  if  the  earth  did  not  absorb  the  wa- 
Lter  before  it  had  time  to  freeze. 

1352. 

Q.  In  winter  time,  these  foot-mnrks  and 


whed-rvts  are  sometimes  covered  with  a  per- 
fect sheet  of  ice,  and  not  an  icy  net-work: 
why  is  this  ? 

A.  Because  the  air  is  colder  and  the  ear^ 
\nrder  than  in  the  former  case ;  in  consri 
qiience  of  which,  the  entire  surface  of  t 
foot-print  ia  frozen  oTer  before  the  eart] 

Mfiad  time  to  absorb  the  water. 
1553. 
.  Why  is  not  the  ice  solid  in  these  ni1 
Tiy  is  there  only  a  very  thin  film  or 
work  of  ice  ? 

I A.  Because  the  earth  d}sorbs  most  of  t\ 

^^^br,  and  leaves  only  the  icy  film  behind. 

^^B.  Why  do  water-pipts  frequently  bun 
^^^mvstij  weather  ? 
^^P&.  Because  the  water  in  them  freezes^ 
^wid  (expanding  hy  frost)  burst  the  pipes  f 
make  room  for  its  increased  volume. 


Q.  Does  not  water  expand  by  heid  as  well 
.8  by  cold  ? 

A.  Yes;  it  expands  as  soon  as  it  is  more 
than  forty-two  degrees,  (ill  it  boils  ;  after 
ffhicli  time,  it  flies  off  in  steam.  (.See  Fig-^) 
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Fia.  3. 

Freezing  water,  32^.  2120^  boiling 


Here  AB,  meaRaresthebalkofa  portion  of  water  at  forty- two  d^reer 

It  goes  on  increasing^  in  bulk  to  C  D,  when  it  boils. 

It  also  goes  on  increasing  in  bulk  to  E  F,  when  it  freezes. 

1556. 

Q.  When  does  water  begin  to  expand  from 
cold? 

A.  When  it  is  reduced  to  forty-two  de- 
grees. Water  is  wisely  ordained  by  God  to 
be  an  exception  to  a  very  general  rule — it 
contracts  till  it  is  reduced  to  forty-two  de- 
grees, and  then  it  expands  till  it  freezes. 

The  (general  rule  is  this — That  cold  condenses  and  contracts  the  volume 
of  iienrly  evervthin? ;  but  water  is  not  contracted  by  cold  after  it  freezes, 
(which  it  does' at  32°.) 

1557. 

Q.  Why  does  water  expand  when  it 
freezes  ? 

A.  Because  it  is  converted  into  solid  crys- 
tals which  do  not  Jit  so  closely  as  particles  of 
water  do. 

1558. 

Q.  Why  is  the  bottom  of  a  river  never 
frozen  ? 


Beciiuse  water  ascp.nds  to  the  surfaM^l 
ton  as  it  becomes  colder  than  forty-tw; 
degrees ;  and,  (if  it  freezes)  Jloats  there  i " 
it  is  melted. 

1559. 

Q.  Show  the  wisdom  of  God  in  this  won- 
derful exception  to  a  general  law  ? 

A.  If  ice  were  heavier  than  water,  it  would 
sink  ;  and  a  river  would  soon  become  a  solid 
block  of  ice,  which  could  never  be  dissolved. 


Q.  Why  does  not  the  ice  on  the  surjace 
of  a  river  chill  the  water  beneath  and  make 
it  freeze  ? 

A.  1st. — ^Because  water  is  a  very  bad  con- 
ductor, and  is  heated  or  chilled  by  convection 
only; 

2nd. — ^If  the  ice  on  the  surface  were  to 
communicate  its  coldness  to  the  water  be- 
neath, tiie  water  beneath  would  commmii- 
cate  its  heat  to  the  ice,  and  the  ice  would  in- 
stantly ?nelt ;  and 

3rd. — The  ice  on  the  surface  acta  as  ii 
shield,  to  prevent  the  cold  air  from  penetrat'. 
ins.   thrmigk  the  river,  to  freeze  the  waf 
below  the  surface. 


I 
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1561. 

Q.  Whv  does  water  freeze  at  the  surjaa 
Bret? 

A.  Because  the  surface  is  in  contact  with 
the  air,  and  the  air  carries  moay  its  heat. 

1562. 

Q,  Wliy  does  the  coat  of  ice  grow  thickeT 
\  .mnd  thicker  if  the  frost  continues  ? 

A.  Because  the  heat  of  the  water  (imme- 
i  diately  below  the  frozen  surface)  passes 
i  through  the  pores  of  the  ice  into  the  cold  air. 

13G3. 

Q.  Why  are  not  whole  rivers  frozen  (layer 
[by  layer,)  till  they  become  solid  ice  1 

A,  Because  water  is  so  slow  a  conductor, 
I  that  our  frosts  never  continue  long  enough  to 
Lconvert  a  whole  river  into  a  solid  mass  of 
Lice. 

1S64. 

Q.  Why  does  not  runnir^  water  freeze  so 
I  fast  as  still  water  ? 

A.  let. — Because  the  motion  of  the  cur- 
rent disturbs  the  crystals,  and  prevents  their 
forming  into  a  continuous  surface  ;  and 

2nd. — The  heat  of  the  under  surface  is 
communicated  to  the  upper  surface  by  the 
rdling  of  the  water. 
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1565. 

Q.  When  running  water  is  frozen^  why  is 
the  1  :e  generally  very  rough  ? 

A.  Because  little  flakes  of  ice  are  first 
formed  and  carried  down  the  stream,  till  they 
meet  some  obstacle  to  stop  them ;  other  flakes 
of  ice  (impinging  against  them)  are  arrested 
in  like  manner ;  and  the  edges  of  the  differ- 
ent flakes  overlapping  each  other,  make  the 
mrface  rough. 

1566. 

Q.  Why  do  some  parts  of  a  river  freeze 
less  than  others  ? 

A.  Because  springs  issue  from  the  bot- 
tom ;  and  (as  they  bubble  upwards)  thaw 
the  ice,  or  make  it  thin. 

1567. 

Q.  When  persons  fall  into  a  river  in  win- 
ter time,  why  does  the  water  feel  remarka- 
bly worm  ? 

A.  Because  the  frosty  air  is  at  least  ten 
or  twelve  degrees  colder  than  the  water  is. 

The  water  below  the  surface  is  at  least  42°  ;  but  the  air  32^1  or  even 
less. 

1568. 

Q.  Why  is  shallow  water  frozen  more 
quickly  than  deep  water  ? 

A.  Because  the  whole  volume  of  water 
must  be  cooled  to  forty-two  degrees,  before 


I  he  surface  can  be  frozen;  and  it  takes  u 
longer  time  to  cool  down  a  deep  bed  of  wa- 
ter than  a  shallow  one. 

1569. 

Q.  Why  ia  sea-water  rarely  frozen  ? 

A.  let. — Because  the  mass  of  water  is  io 
great,  that  it  requires  a  very  long  time  to 
cool  the  whole  volume  down  to  forty-two 
degrees. 

2nd. — The  ebb  and  flow  of  ttie  sea  inter- 
fere with  the  cooling  influence  of  the  air;  and 

3rd. — Sali  water  never  freezes  till  the 
surface  is  cooled  down  twenty-five  degrees. 
below  freezing  point. 

1570. 

Q.  Why  do  some  lakes  rarely  (if  ever) 
►  freeze  ? 

A.  Ist. — Because  they  are  veri/ deep ;  and 
2nd. — Because  their  water  is  supplied  hy 
springs,  which  bubble  from  the  bottom, 

1S71. 

Q.  Why  does  the  depth  of  wat^er  retard  its 
Kfreezit^  ? 

A.  Because  the  whole  volume  of  water  mu&t 
[be  reduced  to  forty-two  degrees,-  before  the 
[surface  will  freeze  ;  and  ih.&  deeper  the  wa- 
l.ler,  the  longer  it  will  be  before  the  whole 
■Volume  is  thus  reduced, 


ICE.  421 

1S72. 

fQ.  Whj  do  springs  at  the  bottom  of  a 
3  prevent  its  freezing  ? 
A.  Because  tliey  keep  continiiallj  send- 
ing forth  fresh  water,  which  prevents  the 
lake  from  being  reduced  to  the  necessary 
degree  of  coldness. 

1573. 

Q.  It  is  colder  in  a  Ihaw,  than  in  a  frost. 
Explain  the  reason  of  this  ? 

A.  Wlien  frozen  water  is  thawed,  it  absorhs 
Iicat  from  the  air,  etc.,  to  melt  the  ice ;  in 
consequence  of  which,  the  heat  of  the  air  U 
greatly  reduced. 

1574. 

Q.  It  is  warmer  in  a  frost  than  in  a  thaw. 
Explain  the  reason  of  this  ? 

A.  When  water  freezes,  it  gives  out  la- 
tent heal,  in  order  that  it  may  be  converted 
into  solid  ice;  and,  as  much  heat  is  liberated 
from  the  water  to  the  atmosphere,  the  air 
feels  ■warmer. 

1573. 

Q.  Sdt  dissolves  ice.  Explain  the  reason 
of  this  ? 

A.  Water  freezes  at  32",  but  sdt  and  wa- 
fer will  rot  freeze  till  the  oiV  is  twenty-fivo 
36 


422  ICE 

degrees  colder;  if,  therefore,  salt  be  added 
to  frozen  water,  it  dissolves  it. 

Unless  the  thermometer  ttands  below  7^ 
1576. 

Q.  Will  any  thing  dissolve  ice  except  salt? 

A.  Yes ;  any  acidy  such  as  sulphuric  acid, 
nitric  acid,  etc. 

1577. 

Q.  Why  is  a  mixture  of  salt  and  snow 
colder  than  snow  itself  ? 

A.  Because  salt  dissolves  the  crystals  of 
snow  into  a  fluid ;  and  whenever  a  solid  is 
converted  into  a  fluid,  heat  is  absorbed^  and 
the  cold  made  more  intense. 

1578. 

Q.  Why  does  frost  make  the  earth  crack? 

A.  Because  the  water  absorbed  by  the 
earth  in  warm  weather,  expanding  by  the 
frost,  thrusts  the  particles  of  earth  apart 
from  each  other,  and  leaves  a  chink  or  crack 
between. 

1579. 

Q.  Show  the  wisdom  of  God  in  this 
arrangement? 

A.  These  cracks  in  the  earth  let  in  air, 
dew,  rain,  and  many  gases  favorable  to 
vegetation. 

1580. 

Q.  Why  does  the  earth  crumble  in  spring  ? 
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A.  Because  the  ice  of  the  clods  dissolves  ; 
and  the  particles  of  earth  (which  hiid  been 
thniat  apart  by  the  frost)  being  left  unsup- 
ported,, tumble  into  minute  parts,  because 
their  cemeiit  of  ice  is  dissolved. 

1581. 

Q.  Why  does  mortar  crumble  away  in 
frost? 

A.  Because  it  was  not  dried  in  the  warm 
weather;  therefore,  its  moisture  freezes,  ex- 
pands, and  thrusts  the  particles  of  the  mor- 
tar away  from  each' other;  but  as  soon  as 
i       the  frost  goes,  the  water  condenses,  and  leaves 
^t^  mortar  full  of  cracks  and  chinks. 

^^^B'  Why  does  stucco  peel  from  a  wdl  in 
^^^Hl/^  weather 

^^^eA>  Because  the  stucco  was  not  dried  in 
^^Bmtoarm  weather;  therefore,  its  moisture 
^^^ffle^es,  expands,  and  thrusts  its  particles 
f  away  from  the  wall ;  but,  as  soon  aa  the 
water  condenses  again  by  the  thaw,  the 
etucco  (being  unsupported)  falls  hy  its  ouvi 
Weight. 

1583. 

Q.  Why  cannot  bricklayers  and  plasterers 
work  in  frosty  weather  ? 

A.   Because  frost  expands  mortar,  and 


lauBes  the  bricks  and  plaster  to  start  frorr, 
\eir  position. 

JSB4. 

Q.  Why  do  bricklayers  cover  their  work 
rith  straw  in  spring  and  autumn  ? 

A.  Because  straw  is  a  non-conductor ; 
and  prevents  the  mortar  of  their  new  work 
(rom  freezing,  during  the  cold  nights  of 
~      'ng  and  autumn, 

1585. 

Q.  Why  are  water  pipes  often  covered 
ffith  straw  in  winter  time  ? 

A.  Because  straw  (being  a  non-conductor) 
■events  the  water  of  the  pipes  from  freezing, 
md  the  pipes  from  bursting. 

1386. 

Q.  Why  are  delicate  trees  covered  with 
fstraw  in  winter  ? 

A.  Because  straw  (being  a  non-conductor) 
prevents  the  sap  of  the  tree  from  being 
frozen. 


Q.  Can  water  be  frozen  in  any  way  be- 
sides by  frosty  weather  ? 

A.  Yes;  in  very  many  ways.  For  ex- 
ample— a  bottle  of  water  wrapped  in  cotton, 
and  frequently  wetted  with  ether  will  soon 
freeze. 


,  Why  would  water  freeze  if  the  bottle 
were  kept  constantly  wetted  with  ether  ? 

A,  Because  evaporation  would  cany  off 
I  lie  heat  of  the  water,  and  reduce  it  to  th( 
freezir^  point. 

1589. 

Q.  Why  does  ether  freeze  under  the  re- 
ceiver of  an  air-pump,  when  the  air  is  ex- 
hausted? 

A.  Because  evaporation  ia  very  greatly 
creased  by  the  di?ninutioii  of  atmospheric  pres- 
sure; and  the  ether  freezes  by  evaporation. 

FREEZING  MDCTUBES. 


f 


Jucdt 


>■  If  IhnBDOondioCflinwbeBddid  loons  pound  of  •all,  Ihc 
ill  Ml  lo  0«  (or  Ihirly-iwu  dcgtct^  belnw  frnMing  poinl.) 


iquiiiwill 


1590. 

Q.  Is  salt  and  snow  really  colder  thai^ 

BHOW  ? 

A.  Tes,  many  degrees  colder;  so  thd 
I     by  dipping  your  hand  into  the  mixture  ^rs/J 
I     and  into  snow  afterwards,  the  snow  will  seem 
L^be  comparatively  warm. 
■K  36- 
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1591. 

Q.  Can  we  be  made  to  fed  the  heat  ol 
ice  or  snow  ? 

A.  Yes ;  mto  a  pint  of  snow,  put  half  a 
pint  of  salt ;  then  plunge  your  hand  into 
the  liquid,  it  will  feel  so  intensely  cold,  that 
I  he  snow  itself  will  seem  warm  in  compari- 
son to  it. 


PART   VI. 


CHAP.    I.— LIGHT. 


^^^  1592. 

r        Q.  What  ialight? 

A.  Rapid  undulations  of  a  fluid  i 
'     ether,  made  sensible  to  the  eye  by  striking  " 
on  the  optic  nerve. 

1593. 

Q.  How  fast  does  light  travel  ? 

A.  Light  travels  so  fast,  that  it  would 
go  eight  times  round  the  earth  while  a  per- 
son counts  "one." 

1594. 

Q.  What  is  ether? 
!         A.  A  very  subtle  fluid,  which  pervades 
and  surrounds  every  thiitg  we  see. 

N.  B.  ThitUieoryof  %*ll>no(  iiltci(;cther  loliBfiictorir,  bal  hu  been 
1595. 

Q.  How  can  undulations  of  ether  produce 
li^ht? 

A.  As  sound  is  produced  by  undulations 
of  air  striking  on  the  car,  eo  light  is  pro 
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dnced  by  undulations  of  ether  striking  on 
the  eye. 

1596. 

Q.  How  does  combustion  make  imdula- 
liuna  of  light? 

A.  The  atoms  of  matter  (set  in  motion 
by  heat)  striking  ogaiTist  this  ether,  produce 

i  undulations  in  it  j  as  a  stone  thrown  into  a 
stream  produces  undulations  in  the  water. 
an( 


Q.  Does  all  light  travel  equally  fast? 
A.  Yes  ;  the  light  of  the  sun — the  light 
lof  a  candle — or  the  light  from  houses,  trees, 
^rd  fields. 


ft 


Q.  Where  does  the  light  of  houses,  frees, 
and  fields,  come  from  1 

A.  The  light  of  the  svn  (or  of  some  lamp 

candle)  is  reflected  from  their  surfaces. 

1599 

Q.  Why  are  some  surfaces  brilliant  (like 
glass  and  steel,)  and  others  dull,  like  lead  ? 

A.  Those  surfaces  which  reflect  the  most 
light,  are  the  most  brilliant;  and  those  which 
imorb  light  are  dull. 

1600. 

Q.  What  is  meant  by  refl^diiig  light  ?  i 


w 


'  A.  Throwing  the  rays  of  light  back  agai 

Ifiom  the  surface  on  which  they  fall. 

^^^^ 

^^^K'  What  is  meant  hy  d)sorhing  light  ? 

^B^K  Retaining  the  rays  of  light  on  the  ' 
eurface  on  which  they  fall ;  in  consequence 
of  which,  their  presence  is  not  made  sen- 
sible by  reflection. 

1602. 

Q.  Why  can  a  thomand  persons  see  the! 
same  cAject  at  the  same  time  ? 

A.  Because  it  throws  off  from  its  sur- 
face an  inBnite  number  of  mys  in  all  direc- 
tions ;  and  one  person  sees  one  portion  of  . 
these  raye,  and  another  person  another, 

1603. 

Q.  Why  is  the  eye  pained  by  a  sudden  ' 
light? 

A.  Because  the  nerve  of  the  eye  is  bur- 
dened vnth  rays  before  the  pupil  has  bad 
time  to  contract. 

1604. 

Q,  Why  does  it  give  us  pain  if  a  candle 
"be  brought  suddenly  towards  our  bed  at 
mght-time  ? 

A.  Because  the  pupil  of  the  eye  dilates 
very  much  in  the  dark,  in  order  to  admit 
rays.     When,  therefore,  a  candle  ia 


w. 


brought  suddenly  before  us,  the  enlarged  i 
pupils  overload  the  optic  nerves  with  rays 
which  causes  pain. 

1605. 

Q.  Why  cfm  we  bear  the  candle-light  af- 
ter a  few  moments  ? 

A.  Because  the  pupils  contract  again  al- 
most instantly ;  and  adjust  themselves  to 
the  quantity  of  light  which  falls  upon  them. 

1606. 

Q.  Why  can  we  see  nothing,  when  we  leave 
a  well-lighted  room,  and  go  into  the  darker 
]  road  or  street  ? 

A,  Because  the  pupil  (which  contracted 

i  in  the  bright  room)  does  not  dilate  instan- 

taneovsly ;  and  the  contracted  pupil  is  not 

;  able  to  collect  rays  enough  from  the  darker 

road  or  street  U>  enable  us  to  see  objects 

I  before  us. 
1607. 
Q.  Why  do  we  see  better  when  we  get 
used  to  "the  dark? 
A.  Because  the  pupil  dilates  again,  and 
allows  more  rays  to  pass  through  its  aper- 
ture ;  in  consequence   of  which,   we  see 
more  distinctly. 


Tbiu,  wben  llie  lump  that  llitaicd 
The  lra*'J«i  at  fi.iL  >oea  Dul, 

BifRliBwliilBbenichtod 
And  llngsn  on  iu  fai  sod  ^labi 
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Q.  If  we  look  at  the  sun  for  a  few  mal 
ments,  why  do  all  other  things  appear  dark^ 

A.  Because  the  pupil  of  the  eye  becomea 
BO  much  contracted  by  looking  at  the  sun, 
that  it  ia  too  small  to  collect  sufficient  rays 
from  other  objects  to  enable  us  to  distin- 
guish their  colors.  (See  "Accidental  co- 
lors.") 

1609. 

Q.  If  we  watch  a  blight  fire  for  a  f 
momente,  why  does  the  room  seem  dark? 

A.  Because  the  pupil  of  the  eye  becomel 
80  much  contracted  by  looking  at  the 
that  it  is  too  small  to  collect  sufficient  rajj 
irora  the  objects  around  to  enable  us  to  d 
tinguish  their  colors. 

1610. 

Q.  Why  can  we  see  the  proper  colors  ( 
every  object  again,  after  a  few  minutes  1 
r  -A.  Because  the  pupil  dilates  again  i 
(Ommodates  itself  to  the  light  around. 

\.  Why  can  tigers,  cats,  and  owls,  see  i 
dark? 


..  Because  they  have  the  power  of  t 


I  la-ging  the  pupil  of  their  eyes  so  as  to  collect 
'  Beveral  scattered  rays  of  light;  in  conse- 
quence of  which,  they  can  see  distinctly 
when  it  is  not  light  enough  for  us  to  see 
any  thing  at  all. 

1612. 
Q.  Why  do  cats  and  owls  sleep  almost  all 
\day? 

A.  Because  the  pupil  of  their  eyes  is 
I  very  broad,  and  daylight  fatigues  them ;  so 
they  close  their  eyes  for  relief. 

1613. 

Q.  Why  do  cats  keep  winking  when  they 
sit  before  a  fire  ? 

A.  Because  the  pupil  of  their  eye  is 
I  very  broad,  and  the  light  of  the  fire  is  pain- 
l  ful ;  so  they  keep  shuttuig  their  eyes  to  re- 
IlieTe  the  sensation  of  too  much  light. 


J.  Why  do  tigers,  cats,  owls,  etc.,  prowl 
I  by  night  for  prey  ? 

A.  Because  they  sleep  all  day  when  the 
'  strong  light  would  be  painful  to  them;  and 
as  they  can  see  clearly  in  the  dark,  tliey 
prowl  then  for  prey. 

1615. 

Q.  Why  do  glow-worms  and  fire-flies,  glis- 
Iten  by  night  only  ? 
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A.  Because  the  light  of  day  is  so  strong 
that  it  eclipses  the  feeble  light  of  a  glow- 
worm or  fire-fly ;  in  consequence  of  which, 
glow-worms  are  invisible  by  day. 

1616. 

Q.  Why  can  we  not  see  the  stars  in  the 
day4ime? 

A.  Because  the  light  of  day  is  so  pow- 
erful that  it  edipses  the  feeble  light  of  the 
stars ;  in  consequence  of  which,  they  are 
invisible  by  day. 

1617. 

Q.  Why  can  we  see  the  stars  even  at 
mid-day,  from  the  bottom  of  a  deep  well  ? 

A.  Because  the  light  of  the  stars  is  not 
overpowered  by  the  rays  of  the  sun,  which 
are  lost  in  the  numerous  reflections  whicb 
they  undergo  in  the  well. 

The  rays  of  ibe  fvn  will  enter  the  well  very  obliquely  ;  whereas,  many 
Uart  will  shine  directly  over  the  toell. 

1618. 

Q.  ^Vhat  is  the  me  of  two  eyes,  since  they 
present  only  one  image  of  any  object  ? 

A.  To  increase  the  light — or  to  take  in 
more  rays  of  light  from  the  object  looked 
at,  in  order  that  it  may  appear  more  dis- 
tinct. 

1619. 

Q.  Why  do  we  not  see'  things  dovble,  with 
two  eyes  ? 
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A.  1st. — Because  the  axis  of  both  eyes 
i  3  turned  to  one  object ;  and,  therefore,  the 
same  impression  is  made  on  the  retina  of 
oach  eye :  and 

2nd. — Because  the  nerves  (which  receive 
the  impression)  have  one  point  of  union  be- 
fore they  reach  the  brain. 

This  ie  not  altogether  satisfaotniy,  although  it  is  the  explanation  gene- 
rally given.  The  phenomenon  probably  is  rather  psychological  than  ma* 
leriul. 

1620. 

Q.  Why  do  we  see  ourselves  in  a  glass  ? 

A.  Because  the  rays  of  light  from  our 
face  strike  against  the  surface  of  the  glass, 
and  (instead  of  being  absorbed)  are  re- 
flected, or  sent  back  again  to  our  eye 

1621. 

Q.  Why  are  the  rays  of  light  reflected  by 
a  mirror  ? 

A.  Because  they  cannot  pass  through  the 
impenetrable  metd  with  which  the  back  of 
the  glass  is  covered  ;  so  they  rebound  back 
just  as  a  marble  would  do,  if  it  were  thrown 
against  a  wall. 

1622. 

Q.  When  a  marble  is  rolled  towards  a 
wall,  what  is  the  path  through  which  it  rum 
called  ? 

A.  The  line  of  incidence. 
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1623. 

Q.  When  a  marble  rebounds  back  again 
what  is  the  path  it  then  describes  called  ? 

A.  The  line  of  reflection. 

(S*e  Pig.  4.)    If  A  B,  be  the  line  o€  incidence,  then  B  C,  is  the  lint 
of  reflection ;  and  vice  versa. 

1624. 

Q.  When  the  light  of  our  face  goes  to 
the  glass,  what  is  the  path  through  which 
it  goes  ccdled  ? 

A.  The  line  of  incidence. 

1625. 

Q.  When  the  light  of  our  face  is  reflected 
back  again  from  the  mirror,  what  is  this  re- 
turning path  called  ? 

A.  The  line  of  reflection. 

1626. 

Q.  What  is  the  angle  of  incidence  ? 

A.  The  angle  between  the  line  of  inch 
dence  and  the  perpendicular. 

1627. 

Q.  What  is  the  angle  of  reflection  ? 

A.  The  angle  between  the  line  of  refleo 
tion  and  the  perpendicular.     (See  Fig.  4.) 
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Let  S  S,  be  any  mrface,  P  B,  a  perpendienlar  to  it.    If  a  marble 
thrown  from  A  to  B.  and  bounded  back  to  C  ;  then  A  B  P,  wonid  be 
called  the  angle  of  tncMbnee,  and  C  B  P,  the  angle  of  reflection, 

1628. 

Q.  Why  does  ouf  reflection  in  a  mirror 
seem  to  approach  us,  as  we  walk  towards  it; 
and  to  retire  from  us,  as  we  retire  ? 

A.  Because  the  lines  and  angles  of  inci- 
dence nre  always  equal  to  the  lines  and  an- 
gles of  reflection  ;  in  consequence  of  whitih, 
the  image  will  always  seem  to  be  as  far  he^ 
hind  the  mirror  as  the  real  object  is  hefon  It. 

PIG.  5. 
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Suppose  A  to  be  a  mirror — G  A,  E  A  and  DA,  FA.  the  lines  of  inc.* 
dence ;  tlien  G  A,  K  A,  and  H  A,  L  A,  are  the  lines  of  reflection.  When 
Uie  arrow  is  at  CD,  its  image  will  appear^t  GMH|  because  line_C  A=:G  A, 

"  lis     " 


and  line  D  A,:=H  A;  and  also  the  angle  C  A  B,=angle  GAB,  and  all- 
ele D  A  B,=H  A  B.  For  a  similar  reason,  if  the  arrow  were  at  E  F,  the 
image  would  seem  to  be  at  K  L. 

1629. 

Q.  Why  can  a  man  see  his  whole  person 
reflected  in  a  little  mirror,  not  six  inches  in 
length  ? 

A.  Because  the  lines  and  angles  of  inci- 
dence are  always  equal  to  the  lines  and  an- 
gles of  reflection;  in  consequence  of  which, 
his  image  will  seem  to  be  as  far  behifid  the 
mirror  as  his  person  is  before  it. 

-Take  the  last  figure ;  C  D,  is  much  larger  than  the  mirror  A  ;  but  the 
head  of  the  arrow  C,  is  reflected  obliquely  behind  the  mirror  to  G ;  and 
the  barb  D,  appears  at  H.  Why?  Because  lineCA,=GA,  and  line 
D  A,=H  A ;  also  the  angle  G  A  B=angle  GAB,  and  angle  D  A  B,=H  A  B. 

1630. 

Q.  Why  does  the  image  of  any  object  in 
water  always  appear  inverted  ? 

A.  Because  the  angles  of  incidence  an^ 
always  equal  to  the  angles  of  reflection  ? 

PIG.  6. 
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Here  the  Rrrow-head  A,  strikes  the  waler  at  F,  and  is  reflected  to  Di 
and  ihe  harb  B,  strikes  the  water  at  B,  and  is  reflected  to  C. 

Ifn  »pfctiiior  siandsat  6,  he  will  <?ee  the  reflected  lines  C  E,  and  D  Fj 
pioduced  ns  far  as  G. 

It  is  very  pinin,  that  A,  (ihe  more  elevated  object)  will  strike  the  water, 
and  be  projected  from  it  more  perpendicularly  than  the  point  B;  and, 
liierefore,  the  image  will  seem  inverted. 

1631. 

Q.  When  we  see  our  reflection  in  water, 
why  do  we  seem  to  stand  on  our  head? 

A.  Because  the  angles  of  incidence  are 
always  equal  to  the  angles  of  reflection. 

Suppose  our  hend  to  be  at  A,  and  our  feet  at  B ;  then  the  shadow  of  oar 
head  will  be  seen  at  D,  and  the  shadow  of  our  feet  at  C.    {See  JLg,  6.) 

1632. 

Q.  Why  do  windows  seem  to  hlaze  at  sun- 
rise and  sun-set  1  . 

A.  Because  glass  is  a  good  reflector  of 
light;  and  the  rays  of  the  sun  (striking 
against  the  window-glass)  are  reflected,  or 
thrown  back. 

1633. 

Q.  Why  do  not  windows  reflect  the  noon- 
day rays  also  ? 

A.  They  do,  but  the  reflection  is  not  seen. 

1634. 

Q.  Why  is  the  reflection  of  the  rising  and 
setting  sun  seen  in  the  window,  and  not  that 
of  the  noon-day  sun  ? 

A.  Because  the  rays  of  the  noon-day  sun 
enter  the  glass  too  obliquely  for  their  reflec- 
tion to  be  seen. 
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Bob  near  noor. 


II  Sun  near  the  hcrisnL 


In  Ue  preceding  cut,  A  B,  represents  a  ray  of  the  noon-day  eon  fltriking 
ihf  whidow  at  B ;  its  reflection  will  be  at  C. 

Bat  D  B,  (a  ray  of  the  rising  or  setting  sun)  will  be  reflected  to  E,  (the 
eye  of  the  spectator.) 

1635. 

Q.  Why  can  we  not  see  the  reflection  of 
the  sun  in  a  well,  during  the  day-time  ? 

A.  Because  the  rays  of  the  sun  fall  so  ob- 
liquely that  they  never  reach  the  surface  of 
the  water  at  all,  but  strike  against  the  brick 
sides. 
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The  Sun 


Le:  B  E  D  C,  be  the  well,  and  D  E,  the  water. 
The  ray  A  B,  strikes  against  the  brick-work  inside  the  wall :  and 
The  ray  A  C,  strikes  against  the  brick-work  outside  the  well. 
None  will  ever  touch  the  water  D  E. 

1(^36. 

Q.  Why  are  stars  reflected  in  a  welly  al- 
though the  sun  is  not? 

A.  Because  the  rays  of  those  stars y  which 
pass  nearly  over-head,  will  not  fall  so  ob- 
liquely into  the  well  as  the  rays  of  the  gun. 


1637. 

Q.  On  a  lake  of  water,  the  moon  seems 
to  make  a  path  of  light  towards  the  eye  of 
the  spectator,  while  all  the  rest  of  the  lake 
Beems  dark — why  is  this  ? 

A.  Because  the  lake  is  in  deep  shadow; 
and  many  rays  which  would  be  eclipsed  by 
the  broad  light  of  day  become  visible. 

"Hm  nme  pall  of  light  nuf  be  discerned  is  Ihe  dajr-llms,  when  a  ttimd 


Q.  In  a  sheet  of  water  at  noon,  the  sun  ap- 
pears to  shine  upon  only  one  spot,  and  all  the 
rest  of  the  water  seems  dark — ^why  is  this  ? 

A.  Because  t^e  rays  fall  at  ^mooa  ^ 
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grees  of  obliquity  on  the  water,  and  are  re- 
liected  at  similar  angles;  but  as  only  those 
which  meet  the  eye  of  the  spectator  are  visible, 
all  the  water  will  appear  dark  except  that  one 
spot. 


FIG.  10 


Here,  of  the  rays  S  A,  S  B,  and  S  C,  only  the  ruy  S  C,  meets  the  eye 
of  the  spectator  D. 

The  spot  C,  therefore,  will  appear  luminous  to  the  spectator  D,  but  no 
other  spot  of  the  water  ABC. 

1639 

Q.  Wliy  are  more  stars  visible  from  a 
mountain  than  from  a  plain  ? 

A.  Because  they  have  less  air  to  pass 
t h  rough .  As  air  absorbs  and  diminishes  ligh  t ; 
therefore,  the  higher  we  ascend,  the  less 
light  will  be  absorbed. 

1640. 

Q.  Why  do  the  sun  and  moon  Seem  larger 
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at  their  rising  and  setting,  than  at  any  other 
time? 

A.  Because  the  arch  of  the  sky  (in  which 
the  sun  and  moon  are  seen)  is  further  dis- 
tant at  the  horizon  than  it  is  over-head. 
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1641. 

Q.  Why  can  we  not  see  into  the  sh^eet  oi 
road,  when  candles  are  lighted  ? 

A.  1st. — Because  glass  is  a  reflector,  and 
throws  the  candle-light  hack  into  the  roo?n 
again;  and 

2nd. — The  pupil  of  the  eye  (having  be- 
come contracted  by  the  light  of  the  room)  is 
too  small  to  collect  rays  enough  from  the 
dark  street  to  enable  us  to  see  into  it. 

1642. 

Q.  Wliy  do  we  often  see  the  fire  reflected 
in  our  parlor  window  in  winter  time  ? 

A.  Because  glass  is  a  good  reflector;  and 
the  rays  of  the  fire  (striking  against  the 
window-glass)  are  reflected  back  into  the  room 
again, 

1643. 

Q.  Why  do  we  often  see  the  image  of 
our  candles  in  the  window,  while  we  lutj 
sitting  in  our  parlor  ? 

A.  Because  the  rays  of  the  candle  (strik- 
ing against  the  glass)  are  reflected  back  info 
the  room;  and  the  da7^ker  the  night,  the 
clearer  the  reflection. 

1644. 

Q.  Why  is  this  reflection  more  clear,  if 
the  external  air  be  dark  f 
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A.  Because  the  reflection  is  not  eclipsed 
by  the  brighter  rays  of  the  sun  striking  on 
the  other  side  of  the  mindow 

1645. 

Q.  If  the  shadow  of  an  object  be  thrown 
on  a  wall — the  closer  the  object  is  held  to 
the  candhy  the  larger  will  be  its  shadow. 
Why  is  this  ? 

A.  Because  the  irays  of  light  diverge  (from 
the  flame  of  a  candle)  in  straight  lines  like 
lines  drawn  from  the  centre  of  a  circle. 

na.  12. 


Here  the  arrovr  A,  held  close  to  the  candie,  wiii  east  the  shadow  B  P^ 
on  a  wall;  while  the  same  arrow  held  at  C,  would  cast  only  the  liitlr 
shadow  D  E. 

1646. 

Q.  When  we  enter  a  long  avenue  of  trees, 
why  does  the  avenue  seem  to  get  narrower 
and  narrower,  till  the  two  sides  appear  to 
meet? 

38    . 
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A.  Because  the /wr/Aer  the  trees  me  o/, 
the  more  actde  mil  be  the  angle  that  any  op- 
posite two  make  with  our  eye. 

PIG.  13. 
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Here  the  width  between  the  trees  A  and  B,  will  seem  to  be  at  great  ai 
the  line  A  B. 

Bat  the  width  between  the  trees  C  and  D  will  seem  to  be  no  more  than 
EF. 

1647. 

Q.  In  a  long,  straight  street,  why  do  the 
houses  on  the  opposite  sides  seem  to  ap- 
proach nearer  together  as  they  are  more  dis- 
tant  ? 

A.  Because  the  more  distant  the  homes 
are,  the  more  acute  will  be  the  angle  which 
any  opposite  two  make  with  our  eye. 

Thus  in  fig.  13 :  If  A  and  B,  were  two  houses  at  the  top  of  the  street, 
the  street  would  seem  to  be  as  wide  ns  the  line  A  B. 

And  if  G  and  D,  were  two  houses  at  the  bottom  of  the  street,  the  street 
iLere  would  seem  to  be  uo  wider  than  E  P. 

1648. 

Q.  In  an  avenue,  why  do  the  trees  seem 
to  be  smaller  as  their  distance  increases  ? 

A.  Because  the  further  the  trees  are  off, 
the  more  acute  will  be  the  angle  made  by 
their  perpendicular  height  with  our  eye. 
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Here  the  first  tree  A  B,  will  appear  the  height  of  the  line  A  B ;  but  tlie 
ast  tree  C  D,  will  appear  only  as  high  as  the  line  B  F. 

1649. 

Q,  In  a  long,  straight  street^  why  do  the 
houses  seem  to  be  smaller  and  smaller,  the 
further  they  are  off? 

A.  Because  the  further  any  house  is  off, 
the  more  acute  will  he  the  angle  made  by  its 
perpendicular  height  with  our  eye. 

Thus  in  fig[.  14 :  If  A  B,  be  a  house  at  the  top  of  the  street,  its  perpendicu 
lar  height  will  be  that  of  the  line  A  B. 

If  C  JD,  be  a  hou^e  at  the  bottom  of  the  street,  its  perpendicular  height 
will  appear  to  be  that  of  E  F. 

1650. 

Q.  Why  does  a  man  on  the  top  of  a  moun- 
tain,  or  church  spire,  seem  to  be  no  bigger 
than  a  crow  ? 

A.  Because  the  angle  made  in  our  eye  by 
the  perpendicular  height  of  the  man  at  that  dis- 
tance, is  no  bigger  than  that  made  by  a  crow 
dose  by. 
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Lut  A  B,  be  a  man  on  a  dUtant  mooutain,  or  spire,  and  C  D    a  cio\f 
eKtte  oy. 

The  man  will  appear  only  as  high  as  the  line  C  D,  which  ia  the  heigbt 
of  the  crow. 

1651. 

Q.  Why  does  the  moon  appear  to  us  so 
much  larger  than  the  starSy  though,  in  fact, 
it  is  a  great  deal  smaller  ? 

A.  Because  the  moon  is  very  much  nearer 
to  us  than  any  of  the  stars. 

PIG.  16. 
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Let  A  B,  represent  a  fixed  star,  and  C  Dj  the  moon. 

A  B,  though  much  the  Inr^er  body,  will  appear  no  bifirger  than  E  F  { 
whereas  the  moon  (C  D,)  will  appear  as  large  as  the  line  C  D,  to  the 
•jpectntor  G. 

The  moon  is  240,000  milesfrom  the  earth,  notquiteaquarter  of  a«m7/Mfi 
of  miles.  The  nearest  fixed  stars  are  20,000,000,000,000)  (that  is  twenty 
billions.) 

If  a  ball  went  500  mi'es  an  hour,  it  would  reach  the  moon  fn  twenty 
dayx ;  but  it  would  not  reach  the  nearest  fixed  star  in  4,500,000  years.  Had 
it  begun,  therefore,  when  Adam  was  created,  it  would  be  no  farther  on  its 
journey  than  a  coach  (which  has  to  go  from  the  Land's  End,  Cornwall}  to 
the  roost  norther  i  onrts  of  Scotland)  after  it  has  passed  about  three-quarters 
of  a  mile. 
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1652. 

Q.  Why  does  the  moon  (which  is  a  sphere) 
appear  to  be  a  flat  surface  ? 

A.  Because  it  is  so  far  off  that  we  cannot 
distinguish  any  difference  between  the 
length  of  the  rays  issuing  from  the  edge  and 
those  which  issue  from  the  centre* 

PIO.  17. 

C 

The  rayt  A  D,  and  C  D,  appear  to  be  no  longer  than  the  ray  B  D ;  but 
if  all  the  rays  aeem  of  the  same  lenffih,  the  part  B,  will  not  seem  to  be 
tuanr  to  as  than  A  and  G  ;  and  therefore,  A  B  C,  will  look  like  a  flat  or 
atraight  line. 

The  rays  A  D,  and  C  D,  are  240,000  miles  long. 

The  ray  B  D,  is  238,010  miles  long. 

1653 

Q.  Why  do  the  sun  and  stars  (which  are 
spheres)  appear  to  be  flat  surfaces  ? 

A.  Because  they  are  at  such  an  immense 
distance,  that  we  can^discern  no  difference  of 
length  between  the  rays  which  issue  from 
the  edge  and  those  which  issue  from  the 
centre  of  these  bodies. 

The  rays  A  D,  and  G  D}  appear  no  longer  than  B  D :  and  as  B  appears 
10  be  no  nearer  than  A  or  C,  theref3re,  A^  B,  C,  must  all  seem  equally  dis- 
tant; and  ABC,  will  %eem  a  flat  or  straight  line.    {See  Figure  17.) 

1654. 

Q,  Why  does  distance  make  an  object  /n- 
risible? 

A.  Because  no  visible  perpendicular  can 
be  inserted  between  the  lines  which  form 
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ngle ;    or  because  the  lines  actt 
sroaa  before  they  meet  our  eye. 
na.  18. 
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1655. 

Q.  What  is  the  meanmg  o{  perspective  ? 

A.  The  science  of  perspective  teachea  to 
draw  on  a  plain  surface  true  pictures  of  ob- 
jects as  they  appear  to  the  eye  from  any  dis- 
tance, and  in  any  position. 

1E56. 

Q.  What  is  the  use,  of  Telescopes  ? 
A.  They  gather  together  the  rays  of  light, 
and  a  greaterquantity  are  brought  to  theeye, 

1637, 

Q.  How  can  these  rays  be  gathered  to- 
gether? 

A.  Rays  of  light  diverge ;  that  is,  spread 
t,  in  all  directions  from  a  luminous  ob- 
ject.    The  number  of  these  diverging  rays 
which  will  enter  the  eye,  is  limited  by  the 
size  of  the  pupil.     But,  before  they  leach 
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(he  eye,  they  may  be  received  upon  a  glass 
lens  of  a  convex  form,  which  will  have  the 
effect  of  collecting  them  into  a  space  less  in 
magnitude  than  the  pupil  of  the  eye.  K 
the  eye  be  placed  where  the  rays  are  thus 
collected,  all  the  light  will  enter  the  pupil 

16S8. 

Q.  Why  do  telescopes  enable  us  to  see  obi 
.jects  invisible  to  the  naked  eye  ? 

A.  Because  they  gather  together  more 
luminous  rays  from  obscure  objects  than  the 
et/e  can ;  and  form  a  bright  image  of  them 
in  the  tube  of  the  telescope  where  they  are 
magnified. 


Q.  When  a  ship  (out  at  sea)  is  approach- 
ing the  shore,  why  do  we  see  the  small  masts 
before  we  see  the  bulJiy  hull  ? 

A.  Because  the  earth  is  round;  and  th6_ 
curve  of  the  sea  hides  the  hull  from  our  eye) 
after  the  tall  masts  have  become  visible. 

FIG.   19 
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1660. 

Q.  Horn  ia  transparent ;  why  are  not  horn 
shavings  transparent  also  ? 

A.  Because  the  surface  of  the  shaving 
has  been  torn  and  rendered  rough;  and  the 
rays  of  light  are  too  much  reflected  and  re- 
fracted by  the  rough  surface  to  be  trans- 
mitted through  the  shaving,  so  as  to  pro- 
duce transparency. 

1661. 

Q.  Why  does  wetting  a  cornelian  make  it 
more  transparent  ? 

A.  Because  the  pores  of  the  cornelian  are 
then  filled  with  water;  and  as  the  density  of 
the  mass  is  rendered  somewhat  more  uni- 
form than  when  those  pores  were  filled  with 
air,  the  stone  becomes  more  transparent. 

Traniparency  depends  on  the  uniformity  of  the  parts. 

If  the  parts  of  any  substance  are  not  pretty  aniform,  the  rays  at  light  are 
refracted  and  ahstorbed  so  freqaently,  that  no  part  of  them  can  aaerge  on 
the  opposite  side. 


SECTION  I. ^THE  EYE,  THE  SEAT  OP  VISION. 

1662. 

Q.  What  is  meant  by  the  "retina  of  the 
eye  V 

A.  The  net  work,  which  lines  the  hack 
of  the  eye,  is  called  the  retina. 
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1663. 

Q.  Does  light  acimitted  through  the 
|)il  to  the  retina  produce  vision? 

A. '  Tea ;  provided  the  light  enter  in  su] 
ficieiit  quantity, 

1664. 

Q.  What  is  that  portion  of  the  eye  called 
w  hich  in  some  persons  is  blue,  in  others  gray 
or  hazel  ? 

A.  It  is  called  the  iris. 


Q.  In  the  centre  of  the  iris  ia  a  circulai 
f>lack  spot,  what  is  this  called  ? 

A.  It  is  called  the  pupil.  But  this  spot 
is  not  a  black  substance  but  an  aperture, 
which  appears  black  only  because  the  cham- 
l)er  within  it  is  dark.  It  is  properly  speak- 
ing the  window  of  the  eye,  through  which 
light  is  admitted,  which  strikes  on  the 
retina. 

1666. 

Q.  Why  are  some  persons  nearsighted? 
A.  Because  the  cornea  of  their  eye  is  so 
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prominent y  that  the  image  of  distant  objects 
is  formed  before  it  reaches  the  retina;  and, 
therefore,  is  not  distinctly  seen. 

1667. 

Q.  What  is  meant  by  the  **  cornea  of  the 
eye  ?" 

A.  All  the  outside  of  the  visible  part  of 
the  eye-ball.  * 

Fia.  21 

The  curve  A.  B  C,  is  called  the  eomea. 

If  this  carve  be  too  prominent  (or  convex,)  the 
eye  is  near-sighted. 

If  too  flat  (or  eoncavei)  the  eye  is  far-sighted. 
1663. 

Q.  What  sort  of  glasses  do  near-sighted 
persons  wear  ? 

A.  If  the  cornea  be  too  convex  (or  pro- 
jecting,) the  person  must  wear  double  con- 
cave glasses,  to  counteract  it. 

1669. 

Q.  What  is  meant  by  "double  concave 
prlasses?'^ 

A.  Glasses  hoUowed-in  on  both  sides. 

Fia.  22. 

Figure  22  is  double  concave,  or  concave  on  boch  sides. 


E 
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1670. 

Q.  Where  is  the  image  of  objects  formed, 
if  the  cornea  be  too  convex  ? 

A.  If  the  cornea  be  too  convex,  the  image 
of  a  distant  object  is  formed  in  the  vi- 
treous  humors  of  the  eye,  and  not  on  the 
retina. 

na.  23. 

Thus  the  image  is  formed  at  D  E,  and  not  on  A  B 
C,  (the  retina.) 


1671. 

Q.  What  is  the  use  of  doMe  concave  spec- 
tacle glasses  ? 

A.  To  cast  the  imxige  further  hack,  in  order 
that  it  may  be  thrown  upon  the  retina  and 
become  visible  ? 

1672. 

Q.  Why  are  old  people  far-sighted  7 

A.  Because  the  humors  of  their  eyes  are 
dried  up  by  age;  in  consequence  of  which, 
the  cornea  sinks  in,  or  becomes  flattened. 

1673. 

Q,  "Why  does  the  flattening  of  the  cornea 
prevent  persons  seeing  objects  which  are 
near? 

A.  Because  the  cornea  is  too  flxit,  and  the 
image   of  near  objects  is   not    completely 
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formed,  when  their  rays  reach  the  retina;  in 
consequence  of  which,  the  image  is  imper- 
fect and  confused. 

na.  24. 

The  perfect  inMge  it  nade  at  D  E;  and  not  (m 
ABC,  (the retinal) 


1674. 

Q.  What  sort  of  glasses  do  old  people 
wear  ? 

A.  As  their  cornea  is  not  sufficiently  con- 
vex, they  must  use  double  convex  glasses,  to 
enable  them  to  see  objects  near  at  hand. 

1675. 

Q.  What  sort  of  glasses  are  ^^  double  con- 
vex spectacle-glasses?^^ 

A.  Glasses  which  curve  outwards  on  both 
sides. 

na.  25. 

Fifure  25  is  doable  convex,  or  oonrex  on  both  aides. 


1676. 

Q.  What  is  the  use  of  double  convex  spec- 
.  tacle  glasses  ? 

A.  To  shorten  the  focus  of  the  eye,  and 
bring  the  image  of  distant  objects  upon  the 
retina. 
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1677. 

Q.  Why  do  near-sighted  persons  bring  ob- 
jects close  to  the  eye,  in  order  to  see  them  ? 

A.  Because  the  distance  behveen  the 
front  and  back  of  the  eye  is  so  great,  that  the 
Image  of  distant  objects  is  formed  in  front 
of  the  retina  ;  but  when  objects  are  brought 
near  to  the  eye^  their  image  is  thrown  fur- 
ther backy  and  made  to  fall  on  the  retina. 

1678. 

Q.  Why  do  old  people  hold  objects  far  off^ 
in  order  to  see  them  better  ? 

A.  Because  the  distance  between  the 
front  and  back  of  their  eyes  is  not  great  enough  ; 
when,  however,  objects  are  held  further  oflF, 
it  compensates  for  this  defect ;  and  a  per- 
fect image  is  formed  on  the  retina. 

1679. 

Q.  Why  are  hawks  able  to  see  such  an 
immense  way  oflf  ? 

A.  Because  they  have  a  muscle  in  the 
eye,  which  enables  them  to  flatten  their  cor 
nea^  by  drawing  back  the  crystalline  lens. 
(See  fig.  21.) 

This  muscle  is  called  the  Marsupium. 
1680. 

Q.  Why  can  hawks  see  objects  within 
half  an  inch  of  their  eye,  as  well  as  those 
a  long  way  oflf? 

39 
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A.  Because  their  eyes  are  fui'iiished  witu 
a  flexible  bony  rim,  which  throws  the  cor- 
ma  forward^  and  makes  the  hawk  neof*' 
siglited. 


SECTION  11- ^DECEPTIONS  OP  VISION. 

1681. 

Q.  Why  cannot  we  count  the  posts  of  a 
fence,  when  we  are  riding  rapidly  in  a  rail- 
road car  ? 

A.  Because  the  light  from  each  post  falls 
upon  the  eye  in  such  rapid  succession,  that 
the  vibration  continues  for  a  certain  time ; 
just  as  the  string  of  a  bow  vibrates  after  it 
has  been  struck,  so  the  vibration  of  the  re- 
tina, after  the  object  has  been  withdrawn 
produces  a  perception  of  its  presence. 

1682. 

Q.  How  can  the  apparent  magnitude  of 
the  sun,  at  the  time  of  his  rising,  and  again 
at  noon-day,  be  measured  ? 

A.  This  may  be  accomplished  by  extend- 
ing two  threads  of  fine  silk,  fastened  in  a 
frame,  parallel  to  each  other.  The  frame 
should  be  placed  in  such  a  position,  and  at 
such  a  distance  from  the  eye,  that  when 
presented  to  the  sun  or  moon  in  the  horizon, 
the  threads  will  exactly  touch  its  upper  and 
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lower  limb,  or  in  other  words,  be  just  suf- 
jciently  separated  to  admit  of  the  disc  of 
the  smi  or  moon  to  appear  between  them 
and  touch. 

Now,  if  the  sun  or  moon  be  viewed  in  the 
same  manner  at  noon-day,  it  will  be  found 
that  they  are  just  fiir  enough  apart  to  ad- 
mit of  the  disc  between  them,  showing  that 
the  apparent  increased  magnitude  at  rising 
and  settingj  is  an  optical  deception,  or  ra- 
ther, an  error  in  judgment. 

1683. 

Q.  Can  you  relate  how  Captain  Scoresby, 
when  navigating  the  Greenland  Seas,  saw 
a  ship  at  a  great  distance  below  the  horizon  ? 

A.  He  saw  the  inverted  image  of  a  ship 
in  the  air,  although  it  was  below  the  ho.  izon, 
and  on  observing  it  attentively,  he  dis^'O- 
vered  it  to  be  his  father's  ship  Fame,  which 
at  that  moment  was  seventeen  miles  below  the 
horizon,  and  thirty  miles  distant. 

«  1684. 

Q.  How  can  you  account  for  the  inverted 
linage  of  the  ship-»^why  did  he  not  see  it 
ill  its  proper  position,  with  its  hull  next  the 
water  ? 

A.  In  this  instance  the  stratum  of  air 
nearest  the  earth's  surface  was  less  dense 
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than  that  immediately  above  it,  and  thei*e- 
fore,  the  refractive  power  of  the  upper 
stratum  was  greater  than  the  lower. 

1685. 

Q.  If  you  move  a  stick  (burnt  at  one  end) 
pretty  briskly  aroundy  it  seems  to  make  a 
circle  of  fire — ^why  is  this  ? 

A.  Because  the  eye  retains  the  image  of 
any  bright  object,  after  the  object  itself  is 
withdrawn;  and  as  the  spark  of  the  stick 
returns  before  the  image  has  faded  from  the 
eye,  it  seems  to  form  a  complete  circle. 

The  light  proceeding  from  the  stick  en- 
ters the  eye,  and  causes  certain  vibrationSy 
which  are  so  exceedingly  rapid,  that  the  ac- 
tion of  the  light  is  not  retarded  for  a  suffi- 
cient length  of  time  to  perceive  the  motion 
of  the  stick. 

1686. 

Q.  If  separate  figures  (as  a  man  and  a 
horse)  be  drawn  on  separate  sides  of  a  card, 
and  the  card  twisted  quickly,  the  man  will 
seem  to  be  seated  on  the  horse — ^why  is 
this? 

A.  Because  the  image  of  the  horse  r«* 
mains  upon  the  eye  till  the  man  appears. 

The  Thaumatrope  is  constraeted  on  this  principle. 
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CHAP.  II.— REFRACTION. 

1687 

Q .  What  is  meant  by  refraction  ? 

A.  Bending  a  ray  of  light,  as  it  passes 
from  one  medium  to  another. 

1688. 

Q.  Does  mV,  possess  the  property  of  re- 
fracting light  ? 

A.  Yes;  the  more  dense  the  air,  the 
greater  is  its  refraciive  power.  Conse- 
quently that  portion  of  the  atmosphere  at 
the  earth's  surface  possesses  the  greatest  re- 
fractive power ;  its  density  gradually  dimin- 
ishing  according  to  its  distance  from  the 
earth,  till  it  becomes  so  rare  as  scarcely  to 
produce  any  refraction  upon  light. 

1639. 

Q.  How  is  a  ray  of  light  hent,  as  it  passes 
from  one  medium  to  another  ? 

A.  When  a  ray  of  light  passes  into  a 
denser  medium  it  is  bent  towards  the  per- 
pendicular. When  it  passes  into  a  rarer 
medium  it  is  bent  from  the  perpendicular, 

39'* 
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na,  27. 


S  ippose  D  E,  to  be  a  perpendicniar  line. 

If  A  B,  fa  ray  of  light)  enters  the  water,  it  will  be  bent  towards  tLa 
perpendicular  to  C. 

If  (on  the  other  hand)  C  B,  (a  ray  of  li^bt)  enAerges /rom  the  wateTy  it 
would  be  bent  away  from  the  perpendicular  towaras  A. 

1690. 

Q.  Why  does   an  oar  in  water  appear 

bent? 

A.  Because  the  part  out  of  the  water  is 
seen  in  a  different  medium  to  the  part  in 
the  water ;  and  the  rays  of  these  two  parts, 
meeting  together  at  the  surface  of  the 
river,  form  an  angle — or  in  other  words, 
make  the  oar  look  as  if  it  were  bent. 

N.  B  As  all  rays  of  lipfht  are  refracted  (or  bent)  more  in  their  paasago 
ihrdugh  tcater  than  in  their  pn^saf^re  through  atr,  they  will  tend  to  crosi 
ench  other  at  the  surface  of  the  water,  and,  of  course,  form  au  elbow  or 
angle. 

1691. 

Q.  Why  does  a  spoon  (in  a  glass  of  wa- 
iter) always  appear  bent  ? 

A.  Because  the  light  (reflected  from  the 
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spoon)  is  refracted  as  it  emerges  from  the 
water. 

(See  F!g.  27.)    The  spoon  A  B  C,  wUl  appear  bent,  like  A  B  D. 

1692. 

Q.  Why  does  a  river  always  appear  more 
shallow  than  it  really  is  ? 

A.  Because  the  light  of  the  bottom  of 
the  river  is  refracted,  as  it  emerges  out  of 
the  water. 

{Set  Ffg.  !27.)    The  bottom  of  the  river  will  appear  elevated  like  the 
briwi  of  the  spoon  D. 

1693. 

Q.  How  mucji  deeper  is  a  river  than  it 
seems  to  be  ? 

A.  About  one-third.  If,  therefore,  a 
river  seems  only  four  feet  deep,  it  is  really 
six  feet  deep. 

The  exact  nppmrent  depth  would  be  4^.  To  find  the  real  depth,  multi- 
plv  by  4  and  divide  by  3— thus  4ix4-HJ=^,  real  depth. 

N.  B.  Many  boys  get  out  of  tneir  depth  in  baihinf^,  in  consequence  of 
thii«  deception.    Remember,  a  river  is  always  one-third  deeper  than  it  ap- 

rmn  to  be : — thus,  if  a  river  seems  to  be  4  feet  deep,  it  is  in  reality  nearly 
feet  deep,  and  so  on. 

1694. 

Q.  Why  do  fishes  seem  to  be  nearer  the 
surface  of  a  river  than  they  really  are  ? 

A.  Because  the  rays  of  light  from  the 
fish  are  refracted,  as  they  emerge  from  the 
eye :  and  (as  a  bent  stick  is  not  so  far  from 
end  to  end,  as  a  straight  one)  so  the  fishes 
appear  nearer  to  our  eye  than  they  really 
ore.     {See  Fig.  27.) 
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1695. 

Q.  Into  how  many  parts  may  a  ray  of 
light  *  be  divided  ? 

A.  Into  three  parts :  blue,  yellow,  and  red? 

N  B.  Thece  three  eolorn, by  combination,  make  seven.  1. — Red.  2  — 
Oramgg  (or  red  and  yellow.)  3. — Yellow.  4. — Green  (or  yellow  and 
blae.)  5. — Blue.  6. — Indigo  (a  shade  of  blue ;)  and  7.— FtoMl  (or  blue 
and  red ) 

1696. 

Q.  How  is  it  known,  that  a  ray  of  light 
consists  of  several  different  colors  ? 

A.  Because,  if  a  ray  of  light  be  cast 
upon  a  triangular  piece  of  glass  (called  a 
prism,)  it  will  be  distinctly  divided  into 
seven  colors:  1. — ^Red;  2. — Orange;  3. 
Yellow;  4. — Green;  5. — Blue;  6. — Indigo; 
and  7. — Violet. 

1697. 

Q.  Why  does  a  prism  divide  a  ray  of  light 
into  various  colors  ? 

A.  Because  all  these  colors  have  differ- 
ent refractive  stcsceptibilities.  Red  is  re- 
fracted least,  and  blue  the  most ;  therefore, 
the  blue  color  of  the  ray  will  be  bent  to  the 
top  of  the  prism,  and  the  red  will  remain  at 
the  bottom. 

FIG.  28. 
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1  ntiim  at  B.)  woold  tatrt  Uie  bins 
I  iu  Di  initlbaredinriiiororiher 

Q.  Wliat  ia  meant  by  the  refraction  of  a 
ray? 

A.  Bending  it  from  its  straight  line. 

C,  D,"nd  E™^        '  °       '      '  " "  ""'   "      "" """"  """"- 

1699. 

Q.  What  is  the  cause  of  a  rainbow  ? 

A.  When  the  clouds  opposite  the  sun  are 
very  dark,  and  rain  is  still  f tiling  from  them, 
the  rays  of  the  bright  sun  are  divided  by  the 
rain-drops,  as  they  would  be  by  a  prism. 


Tbd  bine  (which 
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tees  tbe  Line  of  O^  end  of  all  drops  m  the  position  of  O  {  the  yellow  of  B, 
and  of  all  drops  in  the  position  of  B ;  and  the  red  of  A,  and  of  all  dropi 
in  the  position  of  A ;  and  thus  it  sees  a  rainbow. 

1700 

Q.  Does  every  person  see  the  same  colors 
from  the  same  drops  ? 

A.  No ;  no  two  persons  see  the  same  rain- 
bow. 

To  another  spectator,  the  rays  ftom  S  B,  might  be  red  instead  of  yel- 
low; the  ray  from  S  C,  yellow  I  and  the  blue  might  be  reflected  from 
some  drop  below  C.  To  a  tktrd  pers^m,  the  red  may  issue  from  a  drop 
aboire  A,  and  then  A  would  reflect  tbe  yellow,  and  B  the  blue,  and  so  on. 

1701. 

Q.  Why  are  there  often  two  rainbows  at 
one  and  the  same  time  ? 

A.  In  one  rainbow  we  see  the  rays  of 
the  sun  entering  the  rain  drops  at  the  top, 
and  reflected  to  the  eye  from  the  bottom. 

In  the  other  rainbow,  we  see  the  rays  of 
the  sun  entering  the  rain  drops  at  the  bot- 
torn,  and  reflected  to  the  top,  whence  they 
reach  the  eye. 

not.  30. 
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Here  the  ray  S  A.  (of  the  primary  rainbow)  strikes  the  drop  ai  A— If 
refiracted  or  bcmt  to  B"- is  then  reflected  to  C,  where  it  58  refxaeted  ogaia, 
and  readies  the  eye  of  the  ipectaior.    (See  below.) 

FIG.  31. 


Here  the  ray  of  S  B,  (of  the  secondary  rainbow)  strikes  the  drop  bt  D 
-i»i  refracted  to  A — is  then  reflected  to  C — ^is  again  reflected  to  D,  w'aeii 
t  is  again  refracted  or  bent,  till  it  reaches  the  eye  of  the  spectator. 

1702. 

Q.  Why  are  the  colors  of  the  second  bow 
all  reversed  ? 

A.  Because  in  one  bow  we  see  the  rays, 
which  enter  at  the  top  of  the  rain-drops, 
refracted  from  the  bottom : 

But  in  the  other  bow  we  see  the  rays 
which  enter  at  the  bottom  of  the  rain-drops 
'after  two  reflections,)  refracted  from  the  top. 

(See  Figure  32.)    Here  A  B  C,  represent  three  drops  of  ram  ii  (iit 

SCCONDART  (or  Upper)  RAINBOW. 

The  least  refracted  line  is  red,  and  blto  the  97105/ 

S"*  the  RKD  (or  hast  refracted  rays)  of  nil  the  drof^a  m  the  posiucn  of  A 
—the  TBLLDW  of  1  hose  in  the  p^isition  of  B— and  the  blub  (or  the  most  re- 
frnetcd  roy^)  of  the  lowest  drops,  all  meet  the  eye  D,  and  form  a  roin- 
bow  to  the  spectator. 

The  rcaRon  why  the  primary  bow  exhibits  the  stronger  colors  it  kb>s  *• 
>eeaase  the  colors  are  seen  after  one  reflection  and  two  rdfractiont ;  b*Jf 


Q,  Why  does  a  soap  bubble  exhibit  such  a 
variety  of  colors  ? 

A.  Because  the  thickness  oftheJUm  through 
which  the  rays  pass,  is  constantly  varying. 


Q.  How  does  the  thickness  of  the  JUm  af- 
fect the  color  of  the  soap  bubble  ? 

A.  Because  different  degrees  of  thickness 
in  the  film  produce  diiTerent  powers  of  re- 
fraction;  and,  therefore,  as  the  thichiess  of 
the  film  varies,  difierent  colors  reach  the 
eye. 
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Q.  Why  ia  a  soap  btMIe  so  constantly 
rkangtt^  its  thickness  ? 

A.  Because  the  water  runs  doton  frmn  the 
top  to  the  bottom  of  the  bubble,  till  tho 
crown  becomes  so  thin  as  to  burst. 


Q.  Why  are  the  late  evening  douds  red  ? 
A.  Because  red  rays,  being  the  least  m 
fran^le,  axe  the  last  to  disappear. 


hippoH  P  A,  ID  be  s  nd  nr,  P  B,  ytXiaw,  tnd  P  C,  bla»-)f  the  ana 
Urnr  In  ifae  diiection  of  C  B  D,  il  ii  qnile  mHn^rsit  tbat  ■  >pscutar  nand- 
bi  -1  C,  or  8.  rcarcied  rnnnd  in  Ilia  unis  direciion,)  would  loee  tight  uT 
tie  nd  nfi  (A^  Ian  oTall. 


Q.  Why  are  the  early  morning  clouds  red? 
A.  Because  red  rays  being  the  least  re- 
frang^  are  the  first  to  appear. 
40 
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(Se<  Figurt  33.)  We  mnst  inppoae  the  ran  to  be  on  the  left  side  of  th* 
diagram— or  (what  will  answer  the  same  porpose)  suppose  the  earth  tu  be 
turning  in  the  direction  of  D  A  P,  then  it  is  quite  clear,  that  every  persim 
on  the  earth's  surface  will  pass  under  A,  (the  red  rays)  before  he  passei 
jnder  B,  or  C,  (and  therefore,  his  early  morning  rays  will  be  red.) 

i7oa 
Q.  Why  does  the  sun  look  red  in  a  fog  ? 

A.  Because  red  rays  have  a  greater  nuh 
mentum  than  any  other  rays ;  and  this  supe- 
rior momentum  enables  them  to  penetrate 
the  dense  atmosphere  more  readily  than 
either  blue  or  yellow  rays,  which  are  either 
absorbed  or  reflected  by  the  fog. 

1709. 

Q.  Why  are  the  edges  of  douds  more 
luminous  than  their  centres  ? 

A.  Because  the  body  of  vapor  is  thinnest 
at  the  edges  of  the  clouds  ? 

110. 

Q.  What  is  the  cause  of  morning  and 
evening  twilight  ? 

A.  When  the  sun  is  below  the  horizon, 
Ihe  rays  which  strike  upon  the  atmosphere 
or  clouds  are  bent  down  towards  the  earth,  and 
produce  a  little  light  called  twilight. 

{See  Figure  33.)    Here  the  rays  of  P  A,  will  give  some  light. 

1711. 

Q.  Sometimes  ships  are  distinctly  seen  by 
r.n  observer  on  shore,  before  they  are  actu-^ 
filly  above  the  horizon — explain  this? 
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A.  This  is  owing  to  the  refracting  power 
of  the  atmosphere  at  the  time.  The  differ- 
ent strata  of  air  being  of  unequal  density ^ 
the  rays  of  light  from  the  ship  to  the  eye 
of  the  observer,  are  hent  in  a  curve ;  so  that 
the  vessel  is  visible  before  it  is  really  above 
the  horizon. 

It  is  owing  to  this  refracting  power  of  the  atmosphere  that  the  sun  ap> 
pears  to  us  l^fore  he  rises,  and  we  see  him  after  he  lias  actually  set. 

1712. 

Q.  Why  does  mother  of  pearl  show  so  many 
colors  ? 

A.  Mother  of  pearl  consists  of  a  vast  num- 
ber of  very  thin  half- transparent  layers  of 
unequal  thickness,  overlapping  each  other 
like  the  scales  of  a  fish. 

Where  these  layers  terminate,  are  very 
small  grooves  or  streaks  running  in  all  di- 
rections, which  act  like  prisms. 

It  is  these  streakings,  or  grooves,  which 
cause  the  various  and  changing  colors  of 
mother  of  pearl. 

The  same  thing  may  very  easily  be  imitated,  and  is  freqaently  done  ia 
what  are  called  ^'  iris  ornaments,''  first  invented  by  John  Barton,  Esq.,  of 
the  Royal  Mint.  England.  These  iris  ornaments  are  made  of  steel,  ano 
have  about  30,000  grooves  per  inch ;  they  are  used  in  court  dresses,  for 
buttons,  sword-handles,  etc.,  and  are  very  brilliant  indeed. 

Mother  of  pearl  may  also  be  imitated,  by  taking  impres.«ion8  of  it  in  wax, 
balsam  of  tola,  isinglass,  or  gum;  these  impressions  will  exhibit  all  the 
shades  and  colors  of  mother  of  penrl,  merely  because  the  impression  will 
be  streaked  or  grooved  in  a  similar  Mray. 

1713. 

Q.  Why  do  stars  twinkle  more  than 
usual  just  previous  to  a  rain  ? 
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A.  Because  the  air  is  unequdly  filled  with 
vapor ^  which  offers  constant  and  unequal  o&- 
structions  to  the  passage  of  the  rays  of  light. 

1714. 

Q.  Why  are  some  things  transparent  ? 

A.  Because  every  part  between  the  two 
surfaces  has  a  uniform  refracting  power,  or 
(in  other  words)  has  in  every  place  the  same 
density. 

And,  therefore,  the  rays  of  light  enwrgt  on  the  opposite  side. 

1715. 

Q.  Why  are  some  things  not  transparent? 

A.  Because  the  particles  which  compose 
them  are  separated  by  minute  joor^^  or  spaces^ 
which  have  a  different  density  from  the 
particles  themselves. 

Therefore,  the  rays  of  light  are  reflected  and  refracted  too  often  to 
emerge. 

1716. 

Q.  Why  are  dry  paper  and  calico  (which 
are  opaque)  made  transparent  by  being  oUed? 

A.  Because  the  pores  are  filled  by  the 
oil,  which  has  nearly  the  same  density  as 
the  substance  of  the  paper  itself — by  which 
means  a  uniform  density  is  effected,  and  the 
substance  becomes  ti'ansparent. 

1717. 

Q.  Why  is  glass  (which  is  transparent) 
rendered  opaque  by  being  ground  or  pulve- 
rized ? 
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A.  Because  the  whole  substance  from 
surface  to  surface  is  no  longer  of  one  uni- 
form density. 

1718. 

Q    Why  do  the  stars  twinkle  ? 

A.  Because  the  inequaUties  and  undula- 
tions in  the  atmosphere  produce  unequal 
refractions  of  light;  and  these  unequal  re- 
ftuctions  cause  the  twinkling  or  irregular 
'irilliancy  of  the  stars. 


CHAP.  Ill— REFLECTION. 
1719. 

Q.  What  is  meant  by  reflection  of  light  ? 

A.  Reflection  in  optics,  means  the  re 
hounding  of  hght  from  the  surfaces  on  which 
it  falls. 

1720. 

Q.  An  object  in  the  shade  is  not  so  bright 
and  apparent,  aa  an  object  in  the  sun — why 
is  it  not  ? 

A.  Becauae  objects  in  the  shade  are  seen 
by  reflected  light  reflected,  that  is,  the  Hght  is 
twice  reflected  ;  and,  as  the  rays  of  light  are 
always  absorbed  in  some  measure  by  every 
substance  on  which  they  fall,  thei'efore, 
Bome  light  is  lost:  Ist. — 'Before  the  secorarf 
40- 
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reflection  is  made ;  and  2nd. — In  the  object 
tbat  makes  the  second  reflection. 


Q.  Why  is  it  light  when  the  sky  is 
wvered  with  thick  clouds? 

A.  Because  the  multiplied  reflections  of 
he  sun  in  the  atmosphere  are  sufficient  to 
rfve  light  upon  the  earth,  even  when  thick 
aclouda  are  passing  over  the  disc  of  the  sun. 

1722. 

Q.  If  a  picture  he  highly  varnished,  or 
covered  with  a  glass,  it  cannot  be  seen  in 
fcertain  positions — why  not? 

A.  Ist, — Because  the  glass  or  varnish  ia 
'a  reflector;  and,  whenever  a  strong  light  is 
reflected  from  the  glass  to  the  eye  of  the 
spectator,  the  glass  or  varnish  becomes  very 
luminous,  and  the  picture  remains  in  com- 
pamtive  darkness;  and 

2nd. — When  the  spectator  is  so  placed, 
I  ^  to  catch  the  rays  of  light  reflected  from 
Fthe  glass  or  varnish,  his  eye  is  dazzled  and 
[cannot  see  the  more  faintly  illuminated 
I  picture. 

1723, 

Q.  Why  do  you  see  the  reflection  of  two 
[ftandles,  or  tivo  fires,  in  a  looking-glass,  or 


window-pane,  though  there  be  only  one  can- 
dle or  fire  in  the  room  ? 

A.  Because  each  surface  of  the  looking- 
elass,  or  window-pane  makes  a  reflection. 


Q.  Why  is  the  shadow  of  the  moon 
stronger  than  the  shadow  of  the  sun  ? 

A.  Because  the  li^ht  of  the  moon  ia  not 
80  strong  as  the  light  of  the  eun  ;  in  conse- 
quence of  which,  the  dispersed  and  reflected 
rays  of  the  moon  cannot  reduce  the  opacity 
of  shadow  so  much,  as  the  more  intense  rays 
of  dispersed  and  reflected  day-light. 


Q.  Why  is  an  mi;  spot  on  linen  hlaf:k  when 
first  made  ? 

A.  Because  the  ink  produces  a  chemical 
change  in  the  internal  condition  of  the 
fihres  of  the  linen,  by  which  it  loses  its  power 
of  reflecting  light;  and,  as  it  absorbs  the  rays 
of  the  sun,  the  spot  seems  black. 


n 


Q.  Wliy  does  the  black  ink-spot  on  lini 
turn  yellow  after  a  few  days  ? 


1 
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A.  Because  the  compound,  which  com 
Fposes  the  blackness  of  mk,  is  destroyed  by 
exposure  to  air ;  and  the  linen  partially  re- 
covers its  power  of  rejleding  colors,  but  witli 
a  preference  to  yellow  rays. 


^^^    Q.  What  surfaces  reflect  light  best  ? 
^^^L   A.  Smoolh  and  polished  surfaces  are  the 
^^^Best  reflectors  of  light. 

^^B     Q.  Glass  is  a  smooth  polished  surface,  is 
^^Hjt  a  good  reflector  of  light  ? 
^^       A.  Glass  is  transparent;  and  therefore, 
transmits  light;  but  if  one  of  its  surfaces  be 
I  covered    with  amalgam,  the  light  cannot 

^^H  pa^s  through  it,  and  is  consequently  refleded. 

^^V     Q.  Why  are  some  things  shining,  and  otiiers 
^^  dtdl? 

A.  Because  some  things  refiect  raya,  and 
are  bright;  but  others  cAsorb  them. 

1730. 

.  Q.  Why  do  deserts  dazzle  from  sunshine? 
[  A.  Because  each  groin  of  sand  reflects  tht 
\i/i  of  the  sun  like  a  mirror. 


^a  w 


CHAP.  IV.— COLOR. 


Q.  Wliy  ia  a  ray  of  light  composed  of  vth 
rious  colors  ? 

A.  To  vary  the  color  of  different  objecta. 
If  solar  Jigtit  were  of  one  color  only,  all  ob- 
jects would  appear  of  that  one  color,  or  else 
black. 

1732. 

Q,  Some  things  are  of  one  co/or,  and  some 
of  another — explain  the  cause  of  this  ? 

A.  Aa  every  ray  of  light  is  composed  of 
all  the  colors  of  the  rainbow ;  some  things 
reflect  one  of  tkp.se  colors  and  some  another. 

1733. 

Q.  Why  do  some  things  reflect  one  colort\ 

and  some  another  ? 

A.  Because  the  surface  of  things  ia  so 

ferently  constructed,  both  physically  and 

lically. 

1734. 

IWhy  is  a  rose  red? 
Because  the  surface  of  a  rose  cdjsorbt^ 
'  the  blue  and  yellow  rays  of  light,  and  refiecfa  I 
only  th#  red. 

*  1735. 

I  Why  is  a  viokt  blue  ? 

I' Because  the  surface  of  the  violet  ah  J 
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torbs  the  red  and  yeHaw  lays  of  the  san,  and 
reflects  the  blue  oidT. 

1736. 

Q.  Why  is  a  primrose  yellow  ? 

A.  Because  the  surface  of  the  primrose 
absorbs  the  blue  and  red  rajs  of  solar  light, 
and  reflects  the  yellow. 


Tke  chief  reunn  wfar  mue  njs  ue  mkimUi  avd  odiers  reJUeud  is,  be* 
raoae  ike  cvrpfueUs  wkkk  eoapcwe  tke  colored  — bmmcc  Tuy  in  mq^ni- 
tude : — tbaa,  f«ir  example,  if  the  dianeler  of  a  corpsarle  of  equal  demity 
witk  air  be  twenty*onr  mi.l»0Btli  of  an  inck,  ii  will  reflect  naiple ;  if,  on 
the  other  hand,  it  be  twcBty^Biae  Miltioath  of  aa  inch,  it  will  reflecA  red, 
■ndao  oo. 

1737. 

Q.  Why  are  some  things  black  f 

A.  Because  they  cAsorbs  all  the  rays  of 
light  and  reflect  none. 

1738. 

Q.  Why  are  some  things  white  ? 

A.  Because  they  absorb  none  of  the  rays 
of  light,  but  reflect  them  all. 

1739. 

Q.  Why  is  coal  black  ? 

A.  Because  it  absorbs  all  the  rays  of  the 
sun  which  impinge  upon  it. 

1740. 

Q.  Why  are  frothy  and  spray,  eM  many 
clotidSy  white  ? 

A.  Because  they  consist  of  an  infinite 
number  of  small  bubbles  or  vesiclesy  which 
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act  like  ptisms  in  dividing  the  rays  of  light ; 
which,  by  uniting  again  before  they  meet 
the  eye,  give  the  appearance  of  white. 

1741. 

Q.  Why  are  snow,  sngcar,  and  salt  white  ? 
A.  {See  Q.  1738.) 

N.  B.  The  combination  of  all  eolon  makes  whxtb. 

1742. 

Q.  Why  are  the  leaves  of  plants  green  ? 

A.  Because  a  peculiar  chemical  principle, 
called  chlorophyll,  is  formed  within  their 
cells  ;  which  has  the  property  of  absorbing 
the  red  rays  and  of  reflecting  the  blue  and 
yellow ;  which  mixture  produces  green. 

Chlorophyll  (K^topov  ^uXXov,  chloron  phnllon,  a  green  leaf)  is  the  green 
matter  of  vegetable  substances. 

1743. 

Q.  Why  are  leaves  a  light  green  in  spring? 

A.  Because  the  chlorophyll  is  not  fully 
formed. 

1744. 

Q.  Why  do  leaves  turn  hrown  in  autumn? 

A.  Because  the  chlorophyll  undergoes 
decay y  and  is  not  replaced  as  it  is  in  spring. 

1745. 

Q.  Why  do  the  lustres  of  a  cliandelier  seem 
tinted  with  various  brilliant  colors  ? 

A.  Because  each  "drop**  of  the  chande- 
lier is  so  cut  as  to  act  like  a  prism.     It  A»- 
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composes  the  light,  and  reflects  the  different 
rays  thereof,  from  its  different  points  or 
angles. 

1746. 

Q.  Why  do  all  things  appear  black  in  the 
dark? 

A,  In  the  dark  there  is  no  color,  because 
there  is  no  light  to  be  absorbed  or  reflected 
— and  therefore,  none  to  be  decomposed. 

Whb  Ihe  >iui>i  Hid,  la  r[VBl  blm  Iber  iHuiit, 

But  ligbt  withdrawn,  in  thdr  mva  itaadn  ate  loU," 


The  onwliun  refer.  10  Ihal  porulinr  itf^ce  of  ilurltn™,  whin  Ihe  . 
u  afi^jecu  may  be  Kan,  bill  noi  Iheir  tais. 

1747. 

Q.  Why  is  the  sky  blue  on  a  fine  day,  and 
not  red  or  orange  ? 

A.- Because  the  momentum  of  red  and 
orange  rays  (being  greater  than  that  of 
blue)  causes  them  to  penetrate  beyond  the 
clouds ;  but  the  blue  rays  are  stopped  on 
their  passage  and  reflected. 
174a 

Q.  Why  does  a  blue  dresa  appear  green  by 
'e  light  ? 

A.  Because  the  light  of  a  candle  is  tinged 
rith  yellow  ;  and  this  yellov)  tinge,  mixing  _ 
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with  the  blue  color  of  the  dress,  produces 
green. 

1749. 

Q.  Why  are  some  plants  white,  which  are 
kept  in  the  dark  ? 

A.  Because  chlorophyll  can  be  formeJ 
only  by  the  agency  of  the  sun'6  rays ; 
and  it  is  this  peculiar  chemical  principle, 
which  gives  the  green  tinge  to  healthST 
leaves  and  plants. 

Sorao  planli  btb  h  rellowisli  grrMB  from  Iha  nme  csoBe. 
1750. 

Q.  Why  does  the  sun  most  generally /a'/f 
artificial  colors  ? 

A.  Generally,  the  loss  of  color  arises  from 
the  oxidation  of  the  substances  used  in  dye 
ing ;  as  tarnish  and  rust  are  an  oxidation 
of  metals. 

Sometimes,  however,  the  ingredients  of 
the  dye  are  otherwise  decomposed  by  the 
sun  ;  and  the  color  (which  is  due  to  a  com- 
bination of  ingredients)  undergoes  a  change, 
as  soon  as  the  sun  deranges  or  destroys  that^ 
combination. 


Q.  Tf  we  look  at  a  red-hoi  fire  for  a  few 
minutes,  why  does  every  thing  seem  tirtged 
with  a  bluish  green  color  ? 
41 
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A.  Because  bluish  green  is  the  ^^acadentdi 
cdor^^  of  red ;  and  if  we  fix  our  eye  upon 
any  color  whatsoever^  we  see  every  object 
tinged  with  its  accidental  cdor  when  we  turn 
aside. 

The  mttJdtntnX  eotor  it  the  color  uriiich  would  be  required  to  be  added, 
ill  oHer  to  make  op  wUu  lif^t. 

The  aeeidentai  oolor  of  red  u  bluish  green. 

**  **  orange  is  blue, 

"  **  yellow  is  indigo. 

"  **  green  is  reddish  violet. 

'*  *<  bine  is  orange  red. 

**  **  indigo  is  orange  yellow. 

"  *<  Tioiet  is  vellow  green. 

M  «  bbek  is  white. 

•*  «  white  is  Mack. 

1752. 

Q.  Why  does  the  eye  perceive  the  acci- 
dental  color  when  the  fimdamental  one  is  re- 
moved ? 

A.  Because  the  nerve  of  the  eye  has  be- 
come tired  of  the  one,  but  still  remains 
fresh  for  the  perception  of  the  otiier. 

1753. 

Q.  If  we  wear  bltie  glasses,  why  does 
every  thing  appear  tinged  with  orange  when 
we  take  them  off? 

A.  Because  orange  is  the  *' accidental  color  ^' 
of  blue  ;  and  if  we  look  through  blue  glasses, 
we  shall  see  its  ^^  accidental  color  ^^  when  we 
lay  our  glasses  aside. 

1754. 

Q.  If  we  look  at  the  sun  for  a  few  mo- 
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menta,  every   thing  seems  tinged  vnth  i 
videi  color — why  is  this  1 

A.  Because  wo?ei  is  the  "accidental  color" 
o£  ycUoio;  and,  as  the  sun  is  yellow,  we  shall 

Kits  "accidental  color"  violet  when  we  ^^J 
from  gazing  at  it.  ^^^f 

,  Does  not  the  rf(irisAo(io«J  (which  seems  I 

to  hang  over  every  thing  after  we  turn  from 
looking  at  the  sun)  arise  from  oui*  eyes  be- 
ing dazzled  l  i 
A.  Partly  so  ;  the  pupil  of  the  eye  is  very  \ 
much  contracted  by  the  brilliant  light  of  the  \ 
sun,  and  does  not  adjust  itself  immediately 
to  tlie  feebler  light  of  terrestrial  objects ; 
but,    independent  of  this,   the   "accidenlal  ' 
color"  of  the  sun  being  dark  violet,  would 
tend  to  throw  a  shadow  upon  all  things. 

KQ.  1751.) 
1756- 
Wby  does  every  thing  seem  shadowed 
a  black  misi  when  we  take  off  our  com- 
mon spectacles? 

A.  Because   the  glasses  are  white;  and 
black  being  its   "accidental  color,"  eveiy 
thing  appears  in  a  black  shade  when  we  ' 
our  glasses  down. 


k. 


] 
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(The  law  of  an  accidental  color  u  this — The  accidental  color  is  always 
half  the  spectmm.  Thus,  if  we  take  half  the  length  of  the  spectrum  by  a 
pair  of  compasses,  and  fix  one  leg  in  any  color,  the  other  leg  will  hit 
np<m  its  accidental  color.) 

N .  B.  The  spectrum  means  the  seven  colors  (red,  orange,  yellow,  green, 
blue^  indigo,  and  violet,)  divided  into  seven  e^tuU  bands,  and  plaeea  side 
by  side  in  the  order  just  mentioned. 

1757. 

Q.  Why  is  black  glass  for  spectacles  best 
for  wear  in  this  respect  ? 

A.  Because  white  is  the  accidental  color 
of  black  ;  and  if  we  wear  black  glasses ^  every 
thing  will  appear  in  white  light  when  we 
take  tJiem  off. 

175a 

Q.  Why  are  potatoes  which  grow  exposed 
to  the  air  and  light,  g^een  ? 

A.  Because  chlorophyll  is  formed  in  them 
under  the  influence  of  the  sun's  light. 


PART  VII. 


CHAP.    I-— TRANSMISSION  OF  SOUND. 

1759. 

Q.  How  is  sound  produced  ? 

A.  The  vibration  of  some  sonorous  sub- 
stance produces  motion  in  the  air,  called 
sound-waves,  which  strike  upon  the  drum  of 
the  ear  and  give  the  sensation  of  sound. 

1760. 

Q.  How  fast  does  sound  travel  ? 

A.  About  13  miles  in  a  minute,  or  1142 
feet  in  a  second  of  time. 

Licht  would  go  480  times  round  the  whole  earth,  v/hUe  lound  if  going 
13  nules. 

1761. 

Q.  Why  are  some  things  sonorous  and 
others  not  ? 

A.  The  sonorous  quality  of  any  substance 
depends  upon  its  hardness  and  elasticity. 

1762. 

Q.  What  are  sonorous  bodies  ? 

A.  Bodies  which  produce  sound  are  called 
HonoT^us  bodies. 

.41*  485 


TaABSMISaiON  OP  SOUND. 
1763. 

Q.  What  kind  of  sttr/flcw  are  befit  adftpted 
r  the  transmission  of  sound  ? 
A.  Smooth  surfaces,  such  ae  ice,  water  or 
;rd  ground. 

1764. 

Q.  What  plan  do  savages  adopt  to  hear 
le  approach  of  an  enemy  or  beasts  of  prey  ? 
A.  They  place  their  eai-s  to  the  ground, 
and  by  this  means  can  distinguish  clearly 
'le  approach  of  an  enemy. 


Q.  Why  do  windows  rattle  when  car^s^ 
hy  a  house  ? 

A.  1st. — ]?ecause  glass  is  sonorous;  and 
the  air  communicates  its  vibrations  to  the 
glass,  which  echoes  the  same  sound:  and 

2nd. — The  window-frame  being  shaken, 
contributes  to  the  noise. 

Window  framet  nre  ihaliFn,  1, — Bj  tnaai-win  hnnJnRiBi"  acainM 
Ihunj  9_By  a  vibnlolf  malion  GDmrnualeBlsd  to  Ihetn  by  tlia  willi  ot 


Q.  Why  are  copper  and  iron  sonorous  and 
not  lead  ? 

r  and  iron  are  hard  and  rlasttc  ; 
lead  is  neither  hard  nor  yet  plastic, 
sonorous. 


I 
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17S7. 

Of  what  is  bell-metal  made  1 
A.  Of  copper  and  tin  m  the  following 
piX)portiona  : — Iii  every  five  pounds  of  bell- 
metal  there  should  be  one  pound  of  tin,  amj 
four  pounds  of  copper.  ~ 

1768- 

Q.  Why  is  this  mixture  of  tin  and  cop^ 
per  used  for  bell-metd  ? 

A.  Because  it  is  much  harder  and  more 
elastic  than  any  of  the  pure  raetala. 

1769. 

Q.  Why  do  we  hear  a  bell  if  it  be  struck  ? 

A.  The  bell  vibrates,  and  in  its  agitation, 
compresses  the  air  to  a  certain  distance 
around  it,  at  each  vibration.  The  com- 
pressed air  instantly  expands,  and  in  doing 
so  repeats  the  pressure  on  the  air  next  in 
contact  with  it,  and  so  on ;  as  a  pebble 
thrown  into  still  water  makes  waves  all 
around  it ;  diminishing  in  force,  the  more 
distant  they  are  from  the  original  stroke. 
The  air  thus  agitated,  reaches  the  ear  where 
a  similar  impulse  is  given  to  a  very  deli- 
cate raembrnne  and  the  mind  then  receives 
the  impression  of  sound. 

1770. 

Q.  How  can  a  bell  which  is  solid  be  s 
to  vibrate  ? 
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[ 

^^H  A.  Although  the  metal  of  which  the  bell 
^^^B  composed  is  Bohd,  yet  it  actually  changes 
^^^Bb  form  evcrj  time  it  is  struck,  and  its  par- 
^^^Bcles  are  thereby  thrown  into  motion. 

I  Q.  Why  ia  the  souTid  of  a  bell  stopped  by 

Irucking  the  bell  with  our  finger  ? 

A.  Because  the  weight  of  our  finger  s^op^ 
tht  vibrations  of  the  bell ;  and  as  soon  as 
the  bell  ceases  to  vibrate,  it  ceases  to  make 
sound-waves  in  the  air. 


Q.  After  striliing  a  finger  glass,  why  is 
le  sound  silenced,  upon  touching  the  glass 
with  your  finger  ? 

A.  Because  the  pressure  of  your  finger 
itopa  the  vibrations  of  the  glass ;  and,  so 

m  as  the  finger-glass  ceases  to  vibrate,  it 

ises  to  make  sound-waves  in  the  air. 


^_BtOJ 


1773 

Q.  Why  does  a  split  hell  make  a  hoarse, 
disagreeable  sound  ? 

A.  Because  the  split  of  the  bell  causes  a 
double  Vibration;  and  as  the  sound-waves 
dash  and  jar,  they  impede  each  other's  mo- 
I,  and  produce  discordant  sounds. 

1774. 

.Q.  Why  can  persona,  living  a  mile  oi:. 
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two  front  a  town,  hear  the  heUs  of  the  b 
churches  sometimes  and  not  at  others  ? 

A.  Because  fogs,  rain,  and  snow,  ob- 
fctruct  the  passage  of  sound  ;  but  when  the 
air  is  cold  mid  dear,  sound  is  propagated 
more  easily. 

1775. 

Q,  Why  can  we  not  hear  sounds  (as  tho* 
of  distant  church  bells)  in  rainy  weather  so 
well  as  in  fine  weather  ? 

A.    Because    the   falUng   rain   iiiierferi 
with  Ike  undulations  of  the  sound-waves,  i 
breaks  them  up. 

177'". 

Q.  Why  can  we  not  hear  sounds  (as  those 
of  distant  cimrch  bells)  in  snowy  weather 
so  well  as  in  fine  weather  ? 

A.  Because  the  falling  snow  interferes 
with  the  undulations  of  the  sound-waves, 
and  stops  their  progress. 

1777. 

Q.  Why  can  we  hear  distant  clocks  : 
distinctly  in  dear,  cdd  weather  1 

A.  Because    the  air  is  of  more  uniform 
density,  and  there  are  fewer  currents  of  air 
of  unequal   temperature    to  interrupt 
eound- waves. 

ui  propagatd  ■oniid'WaTS  i 
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1778 

Q.  Why  can  persons  (near  the  poles)  hear 
'  the  voices  of  men  in  conversation  for  a  mile 
distant  in  winter-time  ? 

A.  Because  the  air  is  very  cold,  clear,  and 
still;  in  consequence  of  which,  there  are 
but  few  currents  of  air  of  unequal  tem- 
perature to  interrupt  the  sound-waves. 


Q.  Why  are  not  sounds  (such  as  those  of 
[  distant  church  bells)  heard  so  distinctly  on 
I  a.  hot  day  as  in  frosty  weather  ? 

A.  1st. — Because  the  density  of  the  aii 
1 18  less  uniform  in  very  hot  weather : 

2nd, — It   is   mors   rarefied ;    and,    conse- 
quently, a  worse  conductor  of  sound  :  and 
3rd. — It  is  more  liable  to  accideniei  cur- 
rents,  which  impede  the  progress  of  sound. 

1730. 

Q.  How  do  you  know  that  rarefied  air  con- 

/  transmit  sound  so  well  as  dense  air  ? 

A.  Because  the  sound  of  a  bell,  (in  the 

jceiver  of  an  air-pump)  can  scarcely  be  heard, 

after  the  air  has  been  partially  exhausted  ; 

and  the  report  of  a  pistol  (fired  on  a  high 

mountain)  would  be  scarcely  audible. 
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1781. 

Q.  Why  does  the  sea  heave  and  stgh^  just 
previous  to  a  storm  ? 

A.  Because  the  density  of  the  air  is  very 
suddenly  diminished  ;  and  (as  the  density  of 
the  air  is  diminished)  its  power  to  transmit 
sound  is  diminished  also ;  in  consequence 
of  which,  the  roar  of  the  sea  is  less  au- 
dible, and  seems  like  heavy  sighs. 

1782. 

Q.  Why  is  the  air  so  universally  quiet^ 
just  previous  to  a  tempest  ? 

A.  Because  the  air  is  suddenly  and  very 
greatly  rarefied  ;  and  (as  the  density  of  the 
air  is  diminished)  its  power  to  transmit 
sound  is  diminished  also. 

1783. 

Q.  Why  can  we  not  hear  sounds  (such  as 
those  of  distant  clocks)  so  distinctly  in  a 
thick  mist  or  haze  as  in  a  clear  night  ? 

A.  Because  the  air  is  not  of  uniform 
density  when  it  is  laden  with  mist;  in 
consequence  of  which,  the  sound-waves  are 
obstructed  in  their  progress. 

1784. 

Q.  Why  do  we  hear  sounds  better  by 
night  than  by  day  ? 

A.  1st. — Because  night  air  is  of  mort 
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Uniform  dermty  and  less  liable  to  accidentil 
■ents:  and 
2nd, — Night  is  more  stUl  from  the  eus- 
iensioD  of  business  and  hum  of  men, 

1785. 

'  Q.  Why  is  the  air  of  more  uniform  den- 

fty  bj  night  than  it  is  by  day  ? 

A.  Because  it  is  less  liable  to  accidental 
currents  ;  inasmuch  as  the  breezes  (created 
bv  the  action  of  the  sun's  rays)  generally 

Kse  during  the  night. 
17SG. 
Q.  How  should  partition  tocdls  be  made, 
prevent  the  voices  in  adjoining  rooms 
im  being  heard  ? 
A.  The  space  between  the  laths  should 
filled  with  shamngs  or  saw-dust;  and  then 
no  sound  would  ever  pass  from  one  room 
to  another, 

17S7. 

Q.  Why  would  shavings  or  saw-dust,  pre- 
it  the  transmission  of  sound  from  room 


I 

^^st- 


A.  Because  there  would  be  several  differ- 
media  for  the  sound  to  pass  tbrougli ; 
1st — the  air ;  2nd — the  laths  and  paper ; 
3rd — the  saw-dust  or  shavings;  4th — lath 
and  paper  again  ;  5th — the  air  again  :  and 
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every  change  of  mediuA  diminishes  the 
strength  of  the  sound-waves. 

1788. 

Q.  Why  can  deaf  people  hear  through 
an  ear 'trumpet  ? 

A.  Because  the  ear-trumpet  restrains  the 
spread  of  the  voice  and  limits  the  diameter 
of  the  sound-waves;  in  consequence  of 
which,  their  strength  is  increased. 

1789. 

Q.  What  is  a  stethoscope  ? 

A.  It  is  an  instrument  which  resembles 
a  small  trumpet.  The  wide  mouth  is  ap- 
plied to  the  body  and  the  other  is  held 
to  the  ear  of  the  Physician,  who  can  hear 
distinctly  the  action  of  the  lungs  and  judge 
whether  they.be  healthy  or  the  reverse. 

1790. 

Q.  Why  does  sound  seem  louder  in  caves 
than  on  a  plain? 

A.  Because  the  sides  of  the  cave  con- 
line  the  sound-waves,  and  prevent  their 
spreaiiing;  in  consequence  of  which,  their 
ifrength  is  greatly  increased. 

1791. 

Q.  Why  are  mountains  more  quiet  than 
plains  ? 

A.  Because  the  air  of  mountains  is  very 

42 
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rarejUd ;  and,  a#  the  air  becomes  rarejieii, 
Bound  becomes  less  intense. 


Q.  How  do  you  know  that  the  rctrii^  of 

ir  diminishes  the  intensity  of  sound? 
A.  If  a  be]]  be  rung  in  the  receiver  of 
■an  air-pump,  the  sound  becomes /afw/er  and 
fainter  aa  the  air  is  exhausted ;  tiil  at  last 
it  is  almost  inaudible. 


Q.  A  person  situated  at  the  cxtremiti/  of 
a  wire  600  feet  in  length  will  hear  the  same 
sound  twice.     Explain  this  ? 

A.  The  air  is  not  so  good  a  conductor  of 

lound  as  the  iron  wire ;    therefore,    as  it 

lasses  along  the  wire  almost  instantaneously, 

Et  requires  some  time  to  travel  the  same  dis- 

Jice  through  air. 

17^4. 

Q.  Can  Bound  be  heard  through  loater? 

A.  Yes  ;  a  bell  rung  under  water  can  !« 

fceard  above ;  and  if  tlie  head  of  the  audi- 

be  under  water   at   the    time,  it    can 

:  still  more  distinctly  heard.     It  is  not 

powever,  so  loud  and  clear  as  when  ning 

1  the  air. 

179S. 

Q.  If  from  an  eminence  you  look  down 


w 
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rtpon  a  long  coltmn  of  soldiers  marching  to 
a  baud  of  music  in  front,  those  in  the  rear 
will  step  a  little  later  than  those  some  dis- 
tance before  them.  Can  you  explain  the 
reason  of  this  ? 

A.  Each  rank  steps,  not  when  the  sound 
is  made,  hut  when  in  its  progress  down  the 
column  at  the  rate  of  1142  feet  in  a 
second  of  time,  it  reaches  their  ears.  Those 
who  are  near  the  music  hear  it  first,  while 
those  at  the  end  of  the  column  must  wait 
until  it  has  traveled  to  their  ears  at  the 
above  rate. 

1796. 

Q.  Why  does  a  rail-way  train  make  more 
noise  when  it  passes  over  a  bridge,  than  when 
it  runs  over  solid  ground 

A.  Becanse  the  bi'idge  ja  elastic,  and  vi' 
braies  much  more  from  the  weight  of  the 
train,  than  the  soHd  ^rth  ;  in  consequence 
of  which,  it  produces  more  definite  sound- 


in  idgerTt«iii,(»Lnd. 

1797. 

Q,  Why  can  sounds  be  heard  (in  a 
day)  at  a  greater  distance  on  the  sea  than 
land? 

A.  Ist. — Because  the  tax  over  the  sea 


I         vit 
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erallj   denser    and    more    laden  with 
loisture,  than  the  air  over  the  land  ; 
2nd. — The  density  is  more  uniform;  and 
3rd. — Water  being  more  elastic  than  land, 
a  better  propagator  of  sound. 


BECTION  1.— 

179a 
Q.  What  are  musical  sounds  ? 
A.  Regular  and  uniform  successions  of 

vibrations. 

1799. 

Q.  Wbat  is  the  difference  between  a  mu- 

•.cd  sound,  and  a  mere  noise  ? 

A.  All  mere  noises  are  occasioned  by 
irregidar  impulses  commimicated  to  the  ear : 
but  in  order  to  produce  a  musical  sound,  the 
impulses,  and  consequently,  the  undvlations 
of  the  air,  must  be  all  exactly  similar  in 
duration  and  intensity,  bmA  must  recur  aftra 
— :actly  eqad  intervals  of  time.  ^~ 

1800. 

Q.  Do  dl  persons  hear  sounds  dike  ? 

No ;  that  faculty  seems  to  depem 
tn  the  sensibility  of  the  auditory  nerves. 

isoi. 
What  are  the  boundaries  of  human  hear' 
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A.  The  whole  range  of  human  hearing, 
from  the  lowest  note  of  the  orgaoj  to  the 
highest  known  cry  of  hasects,  aa  of  the 
cricket,  includes  about  nine  octaves. 

Atl  run,  bowcver,  nrebr  nn  iiien;ia  gtfled  wiihut^eoC 
2S02. 

Q.    How  many  mbratitms  of  a  musit 
chord  are  necessary  to  produce  a  definitt 
sound  ? 

A.  When  the  vibrations  are  less  than  six- 
ieen  in  a  second  of  time,' a  continued  sound 
cannot  be  communicated  to  the  ear. 

1803. 

Q.  How  many  vibrations  ia  the  humaji  ear 
able  to  appreciate  ? 

A.  The  human  ear  ia  capable  of  appreciat- 
ing as  many  as  twenty-four  thousand  vibra- 
tions in  &  second  of  time  ;  and,  is  consequently 
able  to  hear  a  sound  which  only  lasts  tlie 
twenty-four  thousandth  part  of  a  second  ! 

1804. 

Q.  Why  are  some  notes  hass,  and  some 
treble  ?  . 

A.  Because  slow  vibrations  produce 

fir  deep  sounds;  but  quick  vibrations 
<ihriJl  or  treble  ones. 
42" 
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1805. 

Q.  Why  do  musical  glasses  give  sounds  ? 

A.  Because  the  glasses  vibrate  as  soon  as 
they  are  struck,  aud  set  in  motion  the  sound- 
waves of  the  air. 

1806. 

Q.  Why  do  Jlules,  etc.,  produce  musical 
loimdB  ? 

A.  Because  the  breath  of  the  performer 
causes  the  air  in  the  fiute  to  vibrate;  and  this 
vibration  sets  in  motion  the  sound-waves 
_  of  the  air. 


Q.  Why  does  a,  Jiddk-string  give  a  musi- 
|cal  sound'? 

A.  Because  the  bow  drawn  across  the 
Jetring  causes  it  to  vibrate;  and  this  vibration 
T;  of  the  string  sets  in  motion  the  sound-wanes  of 
I  the  air,  and  produces  musical  notes. 

1808. 

Q.  Why  does  a  drum  sound  ? 

A.  Because  the  parchment  head  of  the 
drum  vibrates  from  the  blow  of  the  drum- 
stick, and  sets  in  motion  the  sound-waves 
of  the  air. 

1809, 

Why  do  piano-fortes  produce  musical 
munds  ? 


A.  Because  each  key  of  the  piano  (being 
struck  with  the  finger)  Hfts  up  a  little  ham- 
mer which  knocks  agaimt  a  siring;  and  the 
vibratioa  thus  produced  sets  in  motion  the 
sound-waves  of  the  air. 

IBIO. 

Q.  Why  is  an  instrument  fat  when  thd^ 
ttrtngs  are  unstrung  ? 

A.  Because  the  vibrations  are  too  slow ; 
in  consequence  of  which,  the  sounds  pro- 
^Jgped  are  not  shrill  or  sharp  enough. 

^^^B  SECxroB  ir. — echo 

IBll. 

Q.  WhatiscMo? 

A.  Echo  is  reflected  sound. 

1812. 

Q.  What  is  the  cause  of  echo  ?       ■ 
A,     Whenever    a    sound-wave    strikes 
against  any  obstacle  (such  as  a  wall  or  hill,) 
it  is  reflected  (or  thrown  back ;)  and  this  rf- 
flected  sound  is  called  an  echo. 

The  Mmolsw*  g.ivrm  echo  db  lighl. 
1813. 

Q.  What  places  are  most  famous  for  echo? 

A.  Caverns,  grottoes,  and  ruined  abbeys; 

the  areas  of  halls;  the  windings  of  long  pas- 
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the  aisles  of  cathedral  churches; 
mountains  and  iceberge. 

1814. 

Q.  Why  are  caverns,  grottoes,  and  rums, 
famous  for  echoes  ? 

A.  1st. — Because  the  soimd-waves  can- 
not pass  beyond  the  cavern  or  grotto ;  and, 
therefore,  must  fiow  hack;  and 

2nd. — The  return-waves  (bemg  entangled 
by  the  cavern)  are  detained  for  a  short  tune, 
and  come  deliberately  to  the  ear. 

1015. 

Q.  Why  are  halls,  windmg  pasaagee,  and 
cathedral  aisles  famous  for  echoes  ? 

A.  Because  the  sound-waves  cannot  flow 
freely  forward ;  but  perpetually  strike 
against  the  winding  walls,  and  are  beaten 
hack. 

1816. 

Q.  why  are  mountains  and  icebergs  /o- 
mous  for  echoes  ? 

A.  Because  they  present  a  barrier  to  the 
sound-waves,  which  they  cannot  pass,  and  are 
sufficiently  elastic  to  throw  them  hack, 

1817. 

Q.  Why  do  not  the  walls  of  a  room  or 
church  produce  echo. 

A.  Because  sound  travels  with  such  w/o- 


city  that  the  echo  is  blended  with  the  originai 
sound;  and  the  two  produce  but  one  impres- 
non  on  the  ear. 


Q.  Why  do  very  large  buildinga  (as  cathe- 
drals) often  reverbercUe   the   voice    of  the 


A.  Because  the  walls  are  so  far  off  from 
the  speaker,  that  the  echo  does  not  get  back 
in  time  to  blend  with  the  original  sound ; 
and,  therefore,  each  is  heard  separately. 


Q.  Why  do  so?ne  echoes  repeat  only  one- 
syllable  1 

A.  Because  the  echoing  body  is  very  near. 
The  further  the  echoing  body  is  off,  the 
more  sound  it  wiltrejlect;  if,  therefore,  it  be 
very  near,  it  will  repeat  but  one  syllable. 


Q.  Why  does  an  echo  sometimes  repeat 
two  or  more  syllables. 

A.  Because  the  echoing  body  is  far  off; 
and,  therefore,  there  is  time  for  one  reflec- 
tloa  to  pass  away  before  another  reaches  the 
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Q.  Why  are  tim  or  more  echoes  sometimes 
leard? 

A.  Because  sepai'ate  reverberating  sur- 
faces receive  the  sound  and  reflect  it  in  suc- 
cession. 

Bercnloen  mlLu  abort  Olatgnw,    (Scntlsnd,)  nsar  b  mgiuign  hIIbI 
RoHioilhi  ii  n  vm  reinsrlnible  rdm.    II  n  Irompclei  plar*  ■  idm  lod 

uai«:  mift  afier  Ihaneoond  ccfia1in0ceDBedta;A<rrJwlll<uccDcd  wilhvqiul 
BdeliLf,  IhclliKti  ID  ■  much  feebler  lUnE. 

At  Iha  Lain  of  Killuirncy,  in  I*xl«kd,  ilmre  li  nil  «ho  wtiitb  plipu 
euellsnt  >'  heouI  "  lo  any  iimp)s  lous  pUyed  on  n  bugls. 

^  MISCELLANEOUS. 

1S22. 
Q.  Why  do  all  fruits,  etc.,  (when  severed 
im  the  tree,)  fall  to  the  earth  1 
A,  Because  the  earth  attracts  them. 
1S23.      ' 

Q.  Why  do  the  bubbles  in  a  cup  of  tea 
range  round  the  sides  of  the  cup  ? 
A.  Because  the  cup  attracts  them. 

1824. 

Q.  Why  do  all  the  little  bubbles  tend  to- 
•ds  the  large  ones  ? 
Buperi  _  Because  the  large  bubbles  (being  the 
A-  -l^or  masses)  attract  them. 


MISCELLANEOUS. 


Q.  Why  do  the  hMles  of  a  cup  of  tea  fot 
low  a  tea-spoon  ? 

A.  Eecause  the  tea-spoon  attracts  them. 

1826 

Q.  Why  are  the  sides  of  a  pond  covered 
with  homes,  while  the  middle  of  the  pond  ia 
quite  dear  ? 

A.  Because  the  shore  attracts  the  leavesj 
to  itself. 

1827. 

Q.  Why  can  you  fill  a  dry  glass  beyonclj 
the  level  of  the  brim  ? 

A.  Because  the  mass  of  water  in  the  glassa 
holds  the  overplus  back  by  the  attraction  of  ■§ 
its  particles, 

1628 

Q.  Why  is  a  lump  of  si^ar  (left  at  the  bot- 
tom of  a  cup)  so  long  in  melting  ? 

A.  Because  (as  it  melts)  it  makes  the  tea 
above  it  heavier  ;  and  (so  long  as  it  remains 
at  the  bottom)  is  surrounded  by  tea  fully 
saluted  ivith    sugar;  in    consequence  of  , 
which,  the  same  portions  of  liquid  will  holds 
no  more  sugar  in  solution. 

1B29. 

Q.  What  is  capillari/  attraction  ? 

A.  The  power  which  very  minute  tuheeti 
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possess,  of  causlug  a  liquid  to  me   in  them 
aSiOve  its  level. 

"  CapHtawTi,"  frnin  lbs  Lnlin  wcud  "  eipillsrii,"  (JOi  a  tmV;)  Ihemba 
Tcrerrrd  Id  Hfe  ilinnHt  u  GnD  uid  dctusifl  as  a  halrp  WkLo  MGoidi 
Utron^li  ■  Ininp  of  mfUi  or  pi«ca  of  fpoi^e,  bj  Bapilliity  altmclion. 

K.  B,  The  imsller  Ibc  lobe.  IhsbisW  will  Ibe  liquid  be  atlraeted  bfit. 

1830. 

Q.  Why  does  water  melt  salt  ? 

A.  Because  very  minute  particles  of  wa^ 
ter  insinuate  themselves  into  the  pores  of 
the  salt,  by  capillary  attraction;  and  force 
the  crystals  apart  from  each  other. 

Q.  Why  does  wixter  melt  sugar  ? 

A.  Because  very  minute  particles  of  war 
ler  insinuate  themselves  into  the  pores  of 
the  sugar,  bi/  capillary  attraction;  and  force 
I  he  crystals  apart  from  each  other. 

1832. 

Q.  Why  is  vegetation  on  th&  margin  of  a 
river,  more  luxuriant  than  in  an  open  field  ? 

A.  Because  the  porous  earth  on  the  bank 
draws  up  water  to  the  roots  of  the  plants  by 
capillary  attraction.  ^ 

1833, 

Q.  Why  do  persons  (who  water  plants) 
very  often  pour  the  water  into  the  saucer, 
and  not  over  the  plants  ? 

A.  Because  the  water  in  the  saucer 


'£r,      J 

J 
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drawn  up  by  the  mould  (through  the  hole 
at  the  bottom  of  the  flower-pot)  and  is  trans- 
ferred to  the  stem  and  leaves  of  the  plant 
by  capillary  attraction. 

1834. 

Q.  If  you  leave  a  little  tea  in  your  cup, 
and  rest  your  spoon  on  the  bottom  of  tlie 
cup,  why  does  the  tea  rush  to  the  spoon  ? 

A.  Because  the  spoon  attracts  it,  by  what 
is  called  capillary  attraction. 

1835. 

Q.  If  a  drop  of  xuater  be  spilled  on  a 
table-cloth,  why  will  it  spread  in  all  direc- 
tions ? 

A.  Because  the  threads  of  the  cloth  ab- 
sorb the  water  by  capillary  attraction, 

1836. 

Q.  Why  are  old  people  unable  to  walk  ? 
A.  Because  their  muscles  become  rigid, 

1837. 

Q.  Why  is  it  more  easy  to  swim  in  the 
$ea  than  in  a  river  ? 

A.  Because  the  specific  gravity  of  salt  wa- 
ter is  greater  than  that  of  fresh ;  and,  there- 
fore, it  buoys  up  the  swimmer  better  ? 

1838 

Q.  How  do  cooks  ascertain  if  their  br'^m 
bo  salt  enough  for  pickling  ? 

43 
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A.  They  put  an  egg  into  their  brine.  It 
the  egg  sinks,  the  brine  is  not  strong  enough ; 
if  the  egg  JloatSy  it  is. 

1839. 

Q.  Why  will  an  egg  sink,  if  the  brine  be 
not  strong  enough  for  pickling  ? 

A.  Because  an  egg  will  be  the  heavier ; 
but  if  as  much  salt  be  added  as  the  water 
can  dissolve,  an  egg  will  be  lighter  than 
the  strong  brine,  and  consequently  float  on 
the  surface. 

1840. 

Q.  Why  will  an  egg  float  in  strong  hrine, 
and  not  in  water  ? 

A.  Because  the  specific  gravity  of  salt 
and  water  is  greater  than  that  of  water  only, 

1841. 

Q.  Why  do  persons  sink  in  water  when 
they  are  unskillful  swimmers  ? 

A.  Because  they  struggle  to  keep  their 

head  out  of  water. 

1842. 

Q.  Why  can  quadrupeds  swim  more  easily 
than  man? 

A.  1st. — ^Because  the  trunk  of  quadru- 
peds is  lighter  than  water ;  and  this  is  the 
greatest  part  of  them ;  and 
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2nd. — The  position  of  a  beast  (when 
Bwimming)  is  a  naturd.  one. 

1843. 

Q.  Why  is  it  more  difficult  for  a  man  to 
Rwim  than  for  a  least  ? 

A.  1st. — Because  his  body  is  more  heavy 
in  proportion  than  that  of  a  beast ;  and 

2nd. — The  position  and  muscular  action 
of  a  man  (when  swimming)  differ  greatly 
from  his  ordinary  habits ;  but  beasts  swim 
in  their  ordinary  position 

1844. 

Q.  Explain  how  this  is  ? 

A.  When  the  head  is  thrown  back  boldly 
into  the  water,  the  mouth  is  kept  ciowc  the 
surface,  and  the  s^pimmer  is  able  to  breathe. 

But  when  the  head  is  kept  above  the  sar- 
face  of  the  water,  the  chin  and  mouth  sink 
beneath  it,  and  the  swimmer  is  suffocated. 

ThuimT  be  iilaitnted  Ihni ; — tr  n  piccs  of  wond  be  of  lucb  ^lalflii 
ftayin,  Ihel  onlj  IKOnpitxrt  inrfciran  finaKnitof  WBler;  11  la  muiTctl, 

plnnged  j*.    Thr  body  (In  HnaiinK)  re>cinlil«ihi(  piece  of  vntnd. — Ifiwr) 

tint  IftnTlprihehicisnd  erovm  nC  ihr  tiroA  bn  forcibly  tnitetl  Dbnrc   da 


ISM. 

Q.  Why  c!in  fat  men  swim  more   easily 
than  spare  men  ? 

A.  Because  fat  is  lighter  than  water;  and 
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tiie  fatter  a  man  is,  the  more 
he  be. 

1S4£. 

Q.  How  are  fakes  able  to  ascend  to  the 
wrface  of  water? 

A.  Fishes  have  an  air-bladder  near  (he 
iiWomen;  when  this  bladder  is  filled  with 
air,  the  fish  increases  in  size,  and  (being 
lighter)  ascends  through  the  water  to  its 
surface. 

1847 

Q.  TIow  are  fishefi  able  to  dive  in  a  min- 
ute to  the  bottom  of  a  stream  ? 

A.  They  expel  the  air  from  their  air-blad- 
der ;  in  consequence  of  which,  their  size  is 

I  diminished,  and  they  sink  instantly 

1S4B. 

Q.  Why  are  jJfiorZ  divers  very  frequently 
[  deaf? 

A.  Because  the  pressure  of  the  water 
against  the  tympanum  of  their  ears  ruptures 
the  membrane ;  and  this  rupture  produces 
incurable  deafness. 

1849. 

Q.  Why  do  divers,  when  they  are  under 
water,  suffjr  gi-eat  pain  in  their  eyes  and 

3? 

toau&e  tiie  aSi  bA.  ^iis.  \«ittom  of  the 
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sea  IS  more  dense  than  the  air  on  the  surface  : 
and  (till  the  air  inside  the  diver's  body  is 
settled  into  the  same  density)  he  feels  op- 
pressed with  pain,  especially  in  the  ears. 

1350. 

Q.  Why  is  this  pai?i  felt  especially  about 
the  ears  of  a  diver? 

A.  Because  the  ear  is  fitted  with  a  sraall 
membrane  called  the  drum  (or  tympanum,) 
through  which  the  dense  air  bursts — the 
rupture  of  this  membrane  very  often  pro- 
duces incvr<d)le  deafmss. 


1851. 

Q.  Why  will  nut  beer  run  out  of  the  tub 
till  the  vent  peg  is  taken  out  ? 

A.  Because  the  upward  pressure  of  the 
external  an-  (admitted  through  the  tap) 
holds  the  liquor  back — not  being  counter- 
balanced by  any  pressure  of  air  on  the  sur- 
face of  the  liquid. 

1052. 

Q.  Why  do  our  corns  ache  just  previous 
to  rain  ? 

A.  Because  our  feet  sioell  from  the  sudden 
43" 


J 
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[eprt'ssion  in  the  density  of  air;  aod  1 
corn   (no/   being   elaslic)  ia  painfully 
•etched  and  pressed. 


0.  When  liquor  is  decanted  or  poured  from 
I  Itottle,  why  does  it  gurgle  ? 

A.  This  bubbling  noise  is  made  by  the 
Rir  rushing  into  the  bottle,  and  the  liquor 
httrsting  out. 


la  iLla  procH  la  rapealrd,  i 


Q.  Wliy  does  a  pop-gun  make  a  loud  re- 
port when  the  paper  bullet  is  discharged 
from  it? 

A.  Because  the  air,  confined  between  the 
paper  bullet  and  the  discharging  rod  is  sud- 
denly liberated,  and  strikes  against  the  sur- 
rounding air;  this  makes  a  report  in  the 
same  way  as  when  any  two  solids  (such  aa 
yoiu:  hand  and  the  table)  come  into  colIistoD. 

1855. 

Why  are   some   parts  of  the    ceiling 
'.cker  and  more  filthy  than  others  ? 
A.  Because  the  air  being  unable  to  pene- 
,te  the  thick  joisJs  of  the  ceiling,  jtasses  by 


w 
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fhnse  ports,  aiid  deposits  Its  soot  and  dust  on 
others  more  penetrable. 

N.  B.  -nie  lilt  ^t  Ihii  drpotil  (if  Mot  nnd  dugt  it  frcqaemly  dcltiminrt 
!ij  dr«ughl.iindcurrciiiuo^«ir. 

]856. 

Q.  Why  are  the  ceilings,  which  are  never 
cleaned,  so  black  smA.  filthy? 

A.  Because  the  heated  air  of  the  room 
buoys  up  the  dust  and  fine  soot,  which  (be- 
ing unable  to  escape  through  the  plaster)  is 
deposited  on  the  ceiling. 

157, 

Q,  If  you  insert  a  straw  into  a  barrel  of 
cider,  wine,  etc.,  you  may  suck  the  liquid  at 
pleasure — explain  the  reason  of  this  ? 

A.  By  sucking,  all  the  air  is  exhausted  or 
drawn  out  of  the  straw;  the  weight  of  the 
surrounding  air  causes  the  liquid  to  rush  in 
to  fill  the  vacuum  in  the  straw,  and  of 
com'se  flows  into  the  mouth 

1858. 

Q.  If  a  flat  piece  of  moist  leather  be  put 
in  close  contact  with  a  stone  or  other  heavy 
body,  and  a  cord  be  attached  to  the  centre 
of  the  leather,  the  stone  mav  be  lifted  by 
Hie  cord — explain  this  1 

A,  The  air  is  excluded  between  the  lea- 
ther and  the  stone;  consequently,  avacuum 
U  formed,  and  owing  to  the  pressure  of  the 
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osphere,  which  is  equal  to  fifteen  pounds 
every  square  inch,  the  leather  and  stone 
eo  firmly  attached  together,  that  the 

weight  of  the  stone  is  not   sufficient   to 

separate  them. 

1B59. 

Q.  How  do  flies  and  other  insects  walk 
the  ceiling  ? 

A.  This  depends  on  the  formation  of  their 

;t,  which  act  in  the  manner  described  re- 

icting  the  leather  and  the  stone.     Their 

t  act  as  suckers,  excluding  the  air  be- 

[weeu  them  and  the  ceiling  or  surface,  with 

hich  they  are  in  contact,  and  the  atmo- 

ipheric  pressure  keeps  the  insect  from  iall- 

ing. 

I860, 

Q.  Why  do  the  sails  of  a  wind-mill  turn 

lund  ? 
A.  Because  the   wind,   blowing  against 

;e  oblique  surface  of  the  sails,  pushes  them 
out  of  the  way,  driving  them  from  place  to 
place  in  a  restless  round. 

1861. 

Q.  Why  does  a  piece  of  sugar  (held  in  a 

spoon  at  the  top  of  our  tea)  melt  very  ra- 

ndly  ? 

A.   Because,  as  the  tea  becomes  sweet- 

',d,  it  descends  to  the  bottom  of  the  cup  hy 


w 
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its  own  gravity;  and  fresh  portions  of 
unsweetened  tea  are  brought  constantly  into 
contact  with  the  sugar,  till  the  lump  is  en- 
tirely dissolved. 

1862. 

Q.  \Vliy  does  the  lump  of  sugar  melt  mora 
quicldy  when  stirred  about  ? 

A.  Because  fresh  portions  of  unsaturated 
tea  come  in  contact  with  the  lump,  and  soon 
dissolve  it. 

1QG3. 

Q.  Why  does  wate.r  freeze  more  quickly 
than  milk? 

A.  Because  milk  contains  certain  salts  in 
solution ;  in  consequence  of  which,  it  re- 
quires a  greater  degree  of  cold  to  congeal  it 
than  water. 


1864. 

Q.  When  the  plants  called  trefoil,  dande- 
lion, pimpernel,  etc.,  fold  up  their  leaves,  rain 
is  always  close  at  hand — explain  this  ? 

A,  1st. — The  cloudy  weather  diminifihea 
the  light  of  the  sun  ;  and  without  the  stimu- 
lus of  sun-light,  these  flowers  never  open 
tbeir  leaves. 

2nd. — The  vapor  of  the  damp  air,  in- 
linuating  itself  into  the  air-vessels  of  tlieso 
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lelicate  plants,  causes  them  to  expand : 
ionscquence  of  which,  the  leaflets  ctm^^fj 

md  close. 


pGj 
^^^  BUI 

*         to 


y  is  not  the  air  which  passes  CffW*' 

pater  so  cool  as  that  which  passes  over  Zon!^? 

A.  Because  waler  does  not  cool  down  at 

mn-set  so  fast  as  land  does  ;  and,  therefore, 

the  air  in  contact  with  it  remains  warmer. 

1866. 

Q.  Why  does  not  water  cool  down  so  fast 

land  ? 

A.  let. — ^Because  the  surface  of  water  is 
perpetually  changing;  and,  as  fast  as  one 
Burface  is  made  cold,  another  is  presented ; 

,d 

2nd. — The  moment  water  is  made  cold 
U  sinks,  and  warmer  portions  of  water  rise 
to  occupy  its  place ;  therefore,  before  the 
surface  of  the  wafer  is  cooled,  the  whole  volume 
must  be  made  cold ;  which  is  not  the  3ase 
',th  land. 


Q.  What  is  the  difference  between  a  gas 
md  a  liquid  ? 
■  A.  Gases  axe  elastic, \ra.\.\iKs^»sb.-nnt. 
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1868. 

Q.  Illustrate  what  is  meant  by  "  the  elas- 
ticity of  gas  ?^' 

A.  If  from  a  vessel  full  of  gas,  half  were 
taken  out,  the  other  half  would  immediately 
spread  itself  out,  and  fill  the  same  space  as 
was  occupied  by  the  whole. 

1869. 

Q.  Prove  that  a  liquid  is  not  elastic  ? 

A.  If  from  a  gallon  of  water  you  take 
halfy  the  remaining  four  pints  will  take  up 
only  hdf  the  room  that  the  whole  gallon 
previously  did ,  a  liquid^  therefore,  is  not 
elastic  like  gas. 

Strictly  Pj/eaking,  a  liquid  is  slightly  elaotic ;  inasmuch  as  it  may  be  torn- 
pressed,    ud  will  afterwards  recover  its  former  dimensions. 

1870. 

Q.  How  can  a  sick  room  be  kept  free  from 
unhealthy  effluvia? 

A.  By  sprinkling  it  with  vinegar  boiled 
with  myrrh,  or  camphor ;  or  with  chloride 
of  lime. 

1871. 

Q  When  infectious  diseases  prevail,  how 
can  the  contagious  matter  be  removed  from 
bed-rooms,  hospitals,  houses,  etc.  ? 

A.  By  using  a  solution  of  chlorine,  o^  of 
sulphurous  acid;  which  will  not  only  tq^ 
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move  the  conta^ous  matter,  but  also  the 
offensive  smell  of  a  sick  room. 

1872. 

Q.  Why  does  cUoride  of  Ime  fumigate  w 
sick  room 

A.  Because  the  chlorine  absorbs  the  hy- 
drogen of  the  stale  air;  and  by  this  meaus 
removes  both  the  offensive  smell  and  the  ?n- 
I  fiction  of  a  sick  room, 

1873- 

Q.  Why  should  bed-rooms,  cottages,  hos- 
pitals, and  stables,  be  occasionally  white- 
washed ? 

Because  the  lime  is  very  caustic,  and' 
removes  all  organic  matters  adhering  to  thn 
walls, 

1874. 

Q.  Why  does  lime  destroy  the  offensive 
smells  of  bins,  sewers,  etc.  ? 

A.  Because  it  decomposes  the  offensive 
gases  upon  which  the  smell  depends,  and 
desti'oys  them. 

1875. 

Q.  What  is  sponge  ? 

A.  It  is  a  cellular  fibrous  substance,  pro- 
duced by  minute  animals  which  live  in  the 
sea :  these  animals  are  called  polypi  by  na- 
taralistfi. 
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I^KMiget  occur  attached  to  stones  Rt  the  bottom  of  the  sea,  and  abonnd 
■pon  the  shores  of  the  Islands  of  the  Grecian  Archipelago. 
They  afford,  on  distillation,  a  considerable  quantity  of  ammonia. 

1876. 

Q.  Why  does  a  wet  sponge  dean  a  slate  ? 

A.  Because  the  water  holds  in  solution 
tlie  pencil  marks  made  on  the  slate ;  and 
the  mechanical  friction,  employed  in  wiping 
the  slate,  detach  the  pai^;icles  of  pencil 
dust. 

1877. 

Q.  Why  does  Indian-rubber  erase  pencil 
marks  from  paper  ? 

A.  Because  Indian-rubber  contains  a  very 
large  quantity  of  carbon ;  black-lead  is  car- 
bon and  iron. 

Now,  the  carbon  of  the  Indian-rubber 
has  so  great  an  attraction  for  the  black-lead, 
that  it  takes  up  the  loose  traces  of  it  left 
on  paper  by  the  pencil. 

Caoutchouc  or  Indian-rubber  is  a  compound  of  carbon  and  hydrogen, 
hi  the  proportion  of  90  part<t  of  carbon  to  10  parts  of  hydrogen. 

Graphite,  plumbago  or  black-lend  is  n  mineral  substance,  composed 
chiefly  of  carbon  with  a  very  small  proportion  of  iron.  That  used  for 
making  pencils  is  chiefly  procured  from  the  mines  of  Borrowdale  in  Cum- 
berland. 

1878. 

Q.  How  is  the  green  fire  of  fire-works  pro- 
duced ? 

A.  By  the  nitrate  of  barytes  which  bums 
with  a  green  hue. 

<*  Barytes  »  so  called  from  a  Greek  word  (Bapur_Bams,)  which  tigu 
4es  Acflwy. 

44 
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Q.  How  is  the  red  fire  of  fire-works 
daced  ? 

A.  By  the  nitrate  of  strontian,    which 
dims  with  a  red  hue. 

1880. 

Q.  IIgw  is  the   while  fire  of  fire-worka 
produced  ? 

A.  By  igniting  a  mixture  of  sulphur, 
jiitre  and  charcoal — or  nitre,  Gulphi 

Iphuret  of  antimony. 
1881. 

Q.  How  is  the  blue  fire  produced  ? 

A.  By  igniting  gunpowder,  nitre,  aulphi 
and  zinc. 


sulphur, 
ihuj^B^ 

?    ^H 


Q.  Why  do.  ^?an./s  often  grow  out  of  jofl/Zs 

id  towers? 

A.  Because  the  seed  has  been  blown 
there  with  the  dust,  by  the  wM,  or 
dropped  by  some  bird  flying  over, 

1883. 

Q.  Explain  how  manure  makes  land  fer- 

,  A.  As  plants  extract  a  certain  amount 
^  i'^o/'s  from  the  soil,  which  are  entirely  re- 
,-\  at  Yiar^esl,  \t  la  obvious  that  the  soil 
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(iiese  matters  are  restored;  this   restora- 
tion is  accomplished  by  manuring  the  soil. 

1884. 

Q.  Why  is  guano  valuabfe  as  a  manure  ? 

A.  Because  it  contains  nitrogen  and  am- 
monia, both  of  which  are  essential  to  plants. 

Those  species  of  guano  which  contain  the  largest  proportion  of  fertiliz- 
ing matter  (nitrogen  and  phosphates)  are  the  most  valuable. 

Onano  is  found  upon  the  coasts  of  Peru,  in  the  islands  of  Chinche,  near 
Pisco,  and  several  other  places  more  to  the  s^mth.  It  forms  a  deposit  50 
or  60  feet  thick,  and  of  considerable  extent ;  and  anpears*to  be  the  accu- 
mulation of  the  excrements  of  innumerable  flocks  of  birds,  especially 
herons  and  flamands,  which  inhabit  these  islands.  It  is  an  excellent  ma- 
nure, and  forms  the  object  of  a  most  extensive  and  profitable  trade. 

1885. 

Q.  What  is  the  use  of  lime,  marl,  etc., 
as  manure  ? 

A.  1st. — They  decompose  vegetable  sub- 
stances; and 

2nd. — They  liberate  the- alkalies  in  union 
with  the  silica  of  the  soil. 

1886. 

Q.  The  soil  contains  carbonic  acid,  from 
whence  is  this  derived  ? 

A.  1st. — From  the  air ;  from  which  it  is 
driven  by  falling  showers ; 

2nd. — ^From  the  decomposition  of  vege- 
table and  animal  matters,  which  always 
produces  this  gas  in  abundance  ;  and 

3rd. — All    lime-stone,    chalky  aad   ^a\- 
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careous  stones,  contain  vast  quantifa 
carbonic  acid  in  a  solid  state. 

Calonra'u-,  Ihm  i<,  of  n  limy  nniaie. 
1887 

Q.  Why  are  green  gooseberries, 
'  lie,  hard ;  and  ripe  ones  soft? 

A,  Because  they  contain  an  infinite  num- 
ber of  little  cells,  with  thick  walls ;  these 
become  thinner  from  day  to  day,  as  the 
fruit  ripens,  until  they  break ;  when  the 
fruit  becomes  soft. 

1888. 

Q,  Why  does  currant  jnice  "when  boiled 
with  sugar  form  a  jelly  ? 

A.  Because  the  currant  juice  contains 
pectine  ;  a  gelatinous  matter  which  abounds 
in  many  fruita.  The  consistence  of  cut- 
rant  and  other  fruit  jellies  is  ascribe^' 
this  substance, 

1689. 

Q.  Why  do  the    Laplanders  wear  , 
with  the  fur  inwards  ? 

A.  Because  the  dry  skin  prevents  the 
ivind  from  penetrating  to  their  body ;  and 
the  air  (between  the  hairs  of  the  fur)  soon 
becomes  heated  by  the  body  ;  in  consequence 
of  which,  the  Laplander  in  his  fur  is  clad 
hi  a  case  of  hot  air,  impervious  to  the  add 
and  wind. 


w 
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Q.  A  late  spring  makes  a  fruitful  year. 
Explain  the  reason  of  this. 

A.  If  the  vegetation  of  spring  be  hack- 
ward,  thij  frosty  nights  will  do  no  knrm ; 
Ibr  the  fruits  and  flowers  will  not  put  forth 
their  tender  shoots,  till  the  nights  become 
too  warm  to  injure  them. 

1891. 

0  Why  does  iron  turn  first  red,  then 
white  from  heat? 

A.  Light  and  h^t  depend  upon  vibra- 
tions ;  the  more  rapid  the  vibrations,  the 
more  intense  the  light  and  heat;  white  heat 
ia  a  more  intense  degree  of  heat  than  red 
and  occurs  only  when  the  vibrations  are 
most  rapid. 


ing  itiicluieH  ol  Ihs  molecal».    Boi  Ihia  robjeci  ia  not  wElfnndsmood  si 
1892. 

i         Q.  What  causes  the  disease  commonly 

called  the  itch  ? 

A.  It  is  produced  by  an  insect  called  the 

"itch  insect,"  which  burrows  in  the  skin, 
I    and  is  giL^atly  encouraged  by  filth.     Sul- 

bn  44* 
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phur,  corrosive  sublimate,  etc.,  will  destroy 
the  insect,  and  cure  the  disease. 

Corroftive  sablimate  is  made  of  200  parts  of  mereary  with  72  of  dilo* 
riiio. 

1893. 

Q.  When  luine  is  spilled  on  a  table-doth 
or  napkiUy  how  can  the  stcdn  be  removed  ? 

A.  By  dipping  it  in  a  weak  solution  of 
chlorine. 

Chlorine  is  a  principle  ingredient  in  bUaehing'powder. 

1894. 

Q.  When  wine  is  spilled  on  a  table-cloth 
etc.,  why  do  persons  generally  cover  the 
part  immediately  with  salt  ? 

A.  Because  salt  is  a  comfK)und  of  c/do- 
rine  and  sodium ;  and  the  chlorine  of  the 
salt  acts  as  a  bleaching  powder. 

1895. 

Q.  Why  are  books  discolored  by  age  or 
damp  ? 

A.  Because  the  fibre  of  the  paper  be- 
comes partially  decomposed,  and  various 
impurities,  from  the  atmosphere  (or  other 
sources)  become  mixed  with  it. 

1896. 

Q.  Why  does  waxing  cotton  or  thread 
make  it  stronger? 

A.  Because  it  cements  the  loose  fila* 
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menta  to  the  cord ;  and  makes  the  atrande 
of  the  thread  more  compact. 


Q.  Some  sweet  cakes  are  crisp  and  hard 
when  baked,  but  if  sal-centus  be  mixed 
with  the  dough,  they  will  be  soft.  Why 
is  this  ? 

A.  Sal-seratus  has  an  affinity  for  moist- 
ttre,  which  it  absorbs  from  the  atmosphere, 
and  this  moisture  tends  to  keep  the  cakea 
soft. 

1898. 

Q.  How  does  starch  assist  in  giving  a 
smooth  glazed  surface  to  linen  ? 

A.,  It  fills  up  the  interstices  between  the 
threads;  and  makes  the  fabric  of  more 
uniform  density. 


1899. 

Q.  How  does  starch  stiffen  linen  ? 

A.  By  filling  the  interstices  of  the  linen, 
by  which  means  it  is  rendered  more  rigid 
and  jirm, 

1900. 

Q.  The  hooked  top  of  walking-sticks  ia 
made  by  boiling  the  end  of  the  stick,  and 
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then  bending  it  into  an  arch.     Why  is  a 
stick  made  flexible  by  boiling  ? 

A.  Wood  contains  many  suhstancea  solu- 
ble in  hot  water,  as  starch,  sugar,  gum,  etc., 
and  Beveral  others,  which  are  softened  by 
it ;  as,  therefore,  several  substances  are 
dissolved,  and  others  softened  by  boiling  wa- 
ter, the  stick  is  rendered  flexible. 


1901. 

Q.  Why  does  the  sun  or  fire  warp  wood? 

A.  Because  heat  draws  out  the  moisture 
from  that  part  of  the  wood  which  faces  it, 
and  causes  the  heated  surface  to  shrink  ;  as, 
therefore,  the  heated  surface  of  the  wood 
shrinks,  and  is  smaller  than  the  other  sur- 
face, it  draws  it  into  a  curve,  and  the  wood 
is  warped. 

1902. 

Q.  If  you  scrape  a  slip  of  paper  with  a 
knife,  why  will  the  paper  curl  ? 

A.  Because  the  under  surface  of  the  pa- 
per is  contracted  by  scraping,  which  brings 
I  the  particles  closer  together ;  this  contrac- 

I  tion  of  the  under  sm'faee  bends  the  slip  of 

1  paper  into  a  curl  or  arch. 


1 


MISCELLAKEODS.  52^ 

1903. 

Q.  Why  do  plants  which  are  kept  at  a1 
window  hejid  toward  the  glass? 

A.  Because  tho  side  away  from  the  light 
grows  faster,  thaai  the  side  facing  the  light. , 
and  pushes  the  top  of  the  plant  over  in  < 
curve. 

Wondy  IiMus  U  depmitcd  In  ths  scD,  muR  Bbundnnllr  on 
Wood  ]•  icaTTcil  by  Ihs  fire,  beeaiMS  tlu  nadir  nitracs  ii  uanl 


1904. 

Q.  When  a  candle  is  Uown  out,  wh«nc« 
arises  the  offensive  odor  ? 

A.  The  tallow  distils  a  substance  in  the 
emoke,  called  acryle  ;  which  has  a  very  of- 
fensive smell. 

"As'tW  Trr-di  two  Greek  wordi  (i'iiii-dXii,  akre-oli)  lliab 
IMilwipls  of  H  wicknr  end,  Uul  ig,  Ihe  odnrirtiicb  imei  CraaiBW 
liter  II  Iwi  li»n  fclowii  uui. 

1905. 

Q.  If  a  silver  spoon,  which  has  been  tar-"" 
nished  by  an  egg;,  be  rubbed  with  a  little 
salt — why  will  the  tarnish  disappear  ? 

A.  The  tarnish  in  this  case  is  stdphuret 
of  silver,  produced  by  the  sulphur  of  Iho 
egg  combining  with  the  silver  spoon.  Salt 
acts  upon  this  sulphuret  of  silver ;  thus — 

The  sodium  of  the  salt  combines  with  the 
sulphur,  and  produces  sulphate  of   soda. 
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The  siilphur  being  thus  taken  away  from 
tie  silver,  the  tarnish  disappeara. 


^H  62< 
^H   Th 

I  - 

I       -I's 

^^_  i9oe. 

^^H        Q.  Why  does  a  black  hat  turn  Ted  at  the 

^^H  tea-side? 

^^M       A.  Because  the  mvn'atic  acid  of  the  sea 

^^H  water  disturbs  the  gallic  add  of  the  black 

^^H  dye,  and  turns  it  red. 

^*  1907. 

Q.  What  is  an  excellent  remedy  a^inst 

rais  and  mice  ? 

A.  Sulphuretted  hydrogen.  All  that  is 
necessary,  is  to  introduce  the  beak  of  a  re- 
tort into  a  ratrhole,  while  sulphuretted  hy- 
drogen is  being  given  off.  It  will  destroy 
the  rats,  and  make  the  hole  unfit  for  others 
to  frequent. 

SiiljiliiaitUil  k)/dtegm  iamidelliiiii:  Pal  into  ■  retniC  oi  glum  bcRUr,  ■ 
OBinliiyof  fOlphureioriron.nrfliiiirKtbyifiiiifiearKlo/iniiifH***!;  brinn 
ti  In  oinui^l  w^ili  ■  nil  Drntphor-thli  wlU  romi  b^dici  or  Iron,  whiiG 

■n  fqunl  qauiliiT  of  nlpharic  BcEd ;  inliibareHed  h jdrosea  will  be  jinn 
off  fnoflt  cdptmuFf- 

1908 

Q.  Why  are  hariis  preserved  by  smoking 
them? 

A.  Because  the  smoke  of  a  wood  fire  con- 
tains ereasote,  which  is  a  great  preservative 
of  all  animal  substancea. 
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1909. 

Q,  What  is  common  marking  ink? 

A.  There  are  generally  tvx)  bottles — one 
contaming  a  solution  of  the  carbonate  of 
soda,  and  another  containing  a  solution  of 
nitrate  of  silver.  The  cloth  is  first  moistened 
with  the  carbonate  of  soda,  dried,  smooth- 
ed, and  then  written  on  with  a  pen  dipped 
in  the  nitrate  of  silver. — ^An  oxide  of  silver 
is  thus  precipitated,  and  leaves  a  black  mark 
behind. 

1910. 

Q.  Why  is  sorrel  sometimes  used  to  re- 
move ink  spots  from  linen  ? 

A.  Because  it  contains  oxalic  add. 

Oxalic,  from  the  Greek  word  olakir  (oxalia)  tomU    Oxalic  aeid  is 
sometimes  erroneously  called  '^  salt  of  lemons." 

1911. 

Q.  Why  does  oxalic  acid  take  out  ink 
gpots  ? 

A.  Because  it  dissolves  the  tannate  of  irony 
of  which  the  black  portion  of  the  ink  con- 
sists. 

"  Tannate  of  iron,'*  is  tannic  acid  combined  with  iron.    Tannic  acid.  It 
the  acid  of  tan;  or  oak  bark. 

1912. 

Q.  Why  do  laundresses  put  their  linen  hi 
the  sun  to  whiten  ? 

A.  This  question  is  rather  difiicult  to 
solve .     The  most  probable  solution,  is,  that 
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air,  and  moisture  (arising  from  rain.  dew. 
or  artificial  sprinkling)  influenced  by  solar 
Llight,  oxidize  the  color  on  the  fibre,  even 
nrithout  the  assistance  of  alkali. 
r  1913. 

Q.  Why  do  bricks  turn  green  on  being  ex- 
posed for  some  time  to  the  weather,  espe- 
cially if  deprived  of  the  rays  of  the  sun  ? 
L     A.  The  "green"  ia  a  moss  or  lichen,  which 
Kgrows  on  the  bricks,  and  thrives  better  in 
rthe  shade,  than  in  the  sun.     The   seeds  of 
this  mosa  are  supposed  to  be  scattered  by 
the  winds. 

191*.  . 

Q.  The  white  of  egg  is  generally  mixed 

with  ground  coffee  before  it  is  put  over  the 

fire  to  boil — why  is  this  done  1 

I       A.  Because  the  albumen  contained  in  the 

i  ■white  of  the  egg  coagulates  while  boiling, 

and  entangles  the  small  particles  of  coiFee, 

called  "grounds,"  with  it;  which  fall  to  the 

bottom  of  the  pot,  and  leave  the  liquid  clear. 

1915. 

Q.  Why  does  water  rot  wood  ?  and,  why 
does  air  rot  wood  ? 

A.  Because  it  converts  the  solid  part  of 
the  wood  into  what  is  called  humus,  by  oxi- 
dation; thus — 
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1st. — ^The  carbon  of  the  wood  is  oxidized 
into  carbonic  acid ;  and 

2nd. — The  hydrogen  of  the  wood  is  oxi- 
dized into  water.  The  residue  becomes 
humus  or  mould. 

The  black  mould  of  our  gardens,  is  called  humus^  and  is  produced  by  the 
Aorviy  of  vegetable  matter,  by  the  action  of  air  and  water. 

1916. 

Q.  Why  does  bread  become  mouldy  after 
it  has  been  kept  for  some  time  ? 

A.  Because  the  spores,  of  the  mould 
fungus,  floating  in  the  air,  fix  themselves 
in  the  decaying  bread  and  germinate. 

Fungi  germinate,  only  in  decaying  bodies. 

Sporesj  or  Sporules,  from  the  Greek  word  (trrropa — seed)  is  n  word  used 
by  botanist.s  to  indicate  the  seed  of  cryptogamic,  or  flowerless  plant-?; 
they  differ  from  seeds,  in  this  respect,  every  ^rt  of  the  spore  shoots  iiiio 
a  plant,  and  not  one  particular  point  alone,  ns  in  common  seeds. 

1917. 

Q.  Why  does  the  expansion  of  air  (at  the 
end  of  an  egg)  make  it  feel  warm  to  the 
tongue  ? 

A.  Because  air  is  a  very  bad  conductor, 
and  the  more  air  an  egg  contains,  the  less 
heat  wUl  be  drawn  from  the  tongue  whon  it 
i  ouches  the  shell. 

1918. 

Q.  Why  will  a  new-laid  egg  feel  colder  to 
the  tongue  at  the  thick  end  than  a  stale 
one  ? 

45 
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A.  Because  it  contains  more  white  and 
less  air;  and  as  the  white  of  an  egg  is  abet- 
ter conductor  than  mV,  the  heat  of  the 
tongue  will  be  drawn  off  more  rapidly,  anx] 
the  egg  feel  colder. 
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A. 
Abiorber  of  heat,  iron  bad,  150. 

not  reflector,  145. 
Absorption,  149. 

and  condaction.  difference 

between,  149. 
of  light,  429. 
Accidental  color,  482. 
Acetic  acid,  320. 
Acid  acetic,  320. 
citric,  319. 
lactic,  319. 
malic,  318. 
oenanthic,  318. 
oxalic,  antidote  for,  328. 
pmssic,  antidote  for,  324. 
tannic,  318. 
tartaric,  319. 
Acryle,  525. 

Action,  chemical,  a  aoorce  of  heat, 
43. 
mechanical,  161. 

heat  produced  by,  161. 
Activity  agreeable  in  cold  weather, 

Adhesive,  glue,  129. 
gnm,  129. 
paste,  129. 
starch,  129. 
Aeiated  water,  217. 
Air,  193. 

a  bad  conductor,  85, 87, 89,  90, 

91,  104, 153. 
absorbs  heat,  151. 
a  non-conductor,  31. 
apples  contain  more  than  chest- 
nuts. 46. 
atmospneric,  193. 
between  the  fibres  of  wool,  89. 
blowR  obliquely  into  the  fire,  75. 
chamber,  52. 

cold,  condenses  vapor,  134. 
eomes  down  the  chimney,  69. 
composed  of  nitrogen,  193. 

why,  194. 
eondenaed  by  cold,  329. 
eoded,  326.  329. 


Air,  currents  of  343,  314. 

in  a  room,  61. 
ovei  land,  400. 
damp,  iron  rusts  in,  177.  179. 
density  of,  diminished,  390. 

previous  to  a  storm,  33k 
draws  away  heat  from  us,  88. 
effect  of  cold  upon,  329. 
effect  of  heat  on,  332. 
ejcpauded  by  heat,  43, 338. 
expansion  of,  45.     "^ 

causes  wind,  349 
filled  with  odor  before  rain,  133. 

134. 
fire  burns  better  in  the,  241. 
supplied  with,  68. 

oy  a  tube,  69 
gun,  168. 
heat  expands,  332. 

of  affects  mercurv,  333. 
swells,  in  a  bladder,  43. 
heated,  103. 

how,  328. 
a  conductor,  23. 
by  convection,  87. 
horses  snuff  up,  before  rain.  1M 
hot,  houses  heated  with,  51. 

on  a  sunny  day  104. 
hotter  than  our  bodies,  154. 
in  an  apple,  46. 
our  bodies.  369. 
an  egg,  529. 
lightning  purifies  the,  87. 
linen  dried  in  the,  125. 
material,  194. 

moisture  of,  dissolves  salt,  196 
more  subtile  than  water,  86. 
motes  of  dust  in,  106. 
never  at  rest,  87. 

radiates  heat,  385. 
nitric  acid  purifies  the,  38. 
not  heated  by  the  sun.  104, 328 

invisible,  194^  195. 
of  a  room  always  in  motion,  61 
151. 
cities  impure,  206, 308 
eoantry  pure,  205. 
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Air  of  aniform  density  ut  night,  492. 
on  ilie  Burfnce  of  the  earih,  144. 
one  hfd  colder  ilian  another,  398. 
open,  best  f<ir  I..'.  Irh,  205. 
<mi  of  (U)ors  (!■  II-.',  241. 
over  water,  5H. 
parted  by  lighiiiing,  31. 
proiMiriioiH  of  hot,  destroyed, 

304. 
-)  're,  where  there  are  few  in- 

habilMiit5,  '205. 
quiet  before  a  storm,  491. 
rain  cools  the,  125. 
rarefaction  of,  66. 
rarefied,  a.^Cf  nds,  66. 

nourishes  the  fire  lit- 
tle, 240. 
refracts  light,  461. 
resists  the  passage  of  lightning, 

31. 
rusts  iron,.  176. 
seek;*  an  equilibrium,  338. 
trees  render  it  wholesome,  206. 
undulations  of,  45. 
va|K)r  of,  399. 
vitiated  by  a  crowd,  202. 
Albumen,  292,  294. 

etfects  of,  on  sugar,  274. 
Alcohol,  276. 

formed  by  fermentation  of 

sugar,  276. 
generated  by  fermentation, 


271 
of  Wi 
\le  and  porte 


lat  composed,  277. 
froth,  49. 


with  electri- 


l»<.ttle,  Cork  forced  out  of,  49. 
bottled  friths,  217. 
porter  dailter  than,  280 
Alkali,  219. 

detrimental  to  combustion,  236. 
hartshorn\n,  219. 
Alloys,  264. 
Ancienis,    ncquam 
city,  9.    . 
Angle  of  incidence, 
reflection, 
Animal  heat,  297. 

life  dependent 
3le,  305. 
Animals  pood  conductors,  25. 

the  flesh  of  old,  tough,  293. 
Anthrnciie,  197. 
AniidoifS  for  poisons,  324. 
Aj)pfti'e,  rapid  digestion  produces, 

311. 
Anple,  air  in  an,  46. 
collapses,  47. 


on  Tegeta- 


Apple,  contains  more  air  man  a  eheM» 
nut,  46. 
soft  when  roasted,  46. 
splits  when  roasted,  45. 
Apples,  unri|)e,  sour,  318. 
Argand  lamps  do  not  ^moke,  S47. 
A:«lie8  make  ht^rd  water  soft,  190. 
Atmosphere,  327. 

polar   and   equatciai 
349,  350. 
Atmospheric  air,  193,  327. 
Attics  and  cellars  unsafe  in  a  Btorm,9k 
Aurora  Borealis,  367. 

cause  of,  367. 
colors  of,  13. 
Avenue  of  trees,  445. 

seem  to  approach  in 
the  distance,  446. 

.     B. 

Ball,  hole  made  by,  169. 

Balls  of  fire,  why  dangerous,  20. 

run  along  the  ground,  20 

ftroduce  mischief,  20. 
ightning  looks  like,  19. 
cannon,  heated,  lOr. 
Balusters  damp  after  a  thaw,  405. 
Balloon,  ascens^ion  in,  330. 
inflated,  49. 

rises,  50. 
Bark  of  n  tree  lorn  by  lightning,  33. 
Barley  malted,  why,  276. 
how,  279 
not  sufl*ered  to  sprout ,  279. 
prevented  from  shooting,  279. 
I  Barometer,  332. 

a  weather  glass,  334. 
and  thermometer,  difler* 

ence  between,  3^. 
indicates  the  approach  of 

storm,  335. 
tube  of,  open,  334. 
use  of  to  sailors,  335. 
Bass  and  treble,  497. 
Beasts  covered  with  fur,  etc.,  88. 
Bed  a  non  conductor,  27. 
Beer,  flat  if  the  ca>k  be   left  open, 
211,212,  281. 
vent  peg  be  left  out,  281. 
ginger,  218. 
lightning  pours,  36,  37. 
vats  contain  carbonic  acid,  208. 
yeast  converts  mall  into,  2?^. 
Bed-rooms    hospitals,    etc..   White* 

washed,  516. 
Bell,  dangeious  to  ring  in  astornok 
28,23. 
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Bell,  metal.  266, 487. 

Boana  of  stopped,  488. 

sounds  if  struck,  487. 

split,  makes  a  hoarse  noise,  488, 

vibrates,  487. 

wire  a  good  conductor,  24. 
UelJows  revive  a  fire,  241. 
Belts  of  trees  promote  warmth,  120. 
Best  conductors  of  heat.  79. 
Birds  keep  longer  in  tneir  feathers, 

290. 
Black  cloth  absorbs  heat,  149. 

dress  wann,  155. 

flass  for  spectacles,  483. 
at  turns  red,  when,  620. 
hole  of  Calcutta,  203. 
kid  gloves  warm,  150, 158. 
skin  does  not  blister,  158. 
subsoil,  179. 
Blacksmiths  light  matches,  102. 
Bladder,  collapsing  of,  330. 

heat  swells  air  in  a,  43 
dlaze  tends  upwards,  234. 
Blazing  coal  burns  quickly,  231. 
Bleaching,  527. 
Block  tin,  262. 
Blood,  200. 

carbonic  acid  in,  298. 
chyle  converted  into,  307. 
color  of,  307. 
contains  hydrogen  and  carbon, 

297. 
food  converted  into,  300. 
oxygen  gives  vitality  to,  175, 
Blow>pipe,  180. 

hydrogen,  by  whom  in 
vented,  187. 
Blowers  kindle  the  fire,  77. 
Blue  aopears  green  by  candle  light. 

Blue  fire,  how  produced,  518. 
Body,  combustion  of,  209,  300 

consumes  like  a  candle,  298. 
every  part  of  warm,  297. 
fuel  of^  306. 
heat  ot,  299, 
not  consumed,  299. 
rubbing  warms  it,  100. 
temperature  of,  123. 
BoUdd  eggs  discolor  silver,  287. 

water  flat,  211. 
Boiler  of  kitchen  ranges  bursts,  why, 

59. 
B<>iling  brine  hotter  than  water,  120. 
tattling  made  by,  117. 
water  Dubbles,  ItO. 

forms  steam,  119. 

45« 


Boiling  water  beat  of,  consumed  in 
melting  ice,  130. 
in  a  ferment,  100. 
kept  on  the  fire,  102. 
swells,  115. 
Books  discolored  by  a^e,  522. 
Bottled  ale  froths,  217. 

porter  froths,  218. 
Bottom  of  a  kettle  cold,  90. 

saucei)an  covered  with 
soot,  160. 
Brass.  205. 
Bread,  282. 

baking  dough  converts  it  into, 

284. 
becomes  hard  by  being  kept, 

128. 
full  of  holes,  285. 
leavened,  283. 
new,  indigestible,  283. 
Breath,  condens^  on  our  hair,  400. 

visible  in  winter,  400. 
Breathing,  how  performed,  303,  304. 
rapidly  makes  us  warm, 
303. 
Bricklayers  cover  their  work  with 
straw.  4*24. 
stop  work  in  frosty  wea- 
ther, 423. 
Brewing,  yeast  used  in,  why,  280. 
Bricks  and  flag-stones  loosened  after 
a  frost,  52 
turn  green,  528. 
Bright  and  dark  spo'.s  in  a  clear  fire, 
232. 
iron  in  the  fire,  178. 
metal  a  bud  radiator,  101. 
Brine  boils,  120. 

egg  floats  in  strong,  600. 
how  made,  506. 
Britannia  metal,  265. 
Broth  cooled  by  blowing,  153. 
convection,  105. 
>tirring,  105. 
Brown  paper  adhesive,  10. 

ignites     sooner    than 
white,  150. 
Bubbles  follow  the  spoon,  503 
in  tea,  502. 

small  tend  to  the  large,   502 
Brushing  the  hair  excites  it,  11. 
Bullion,  spoons  tarnish  sooner  than, 

181. 
Burn,  ether  relieves  a,  12'2. 
Burnt  bread  purifies  water,  199. 
Bursting  of  a  chestnut  shell  causes  i 
report,  46. 
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Bauer,  323. 

hard  in  cold  weather,  322. 

C. 

(!nke8  crisp,  523. 

l^aloric,  liow  dtslribuied,  8. 

Cuicuiia,  black  hole  of,  203. 

Calms  region  of,  345. 

Cambric  hoiidkerchief  feels  cool,  93. 

Cindie,  rxKiy  coiiifumes  like,  298. 

buns  when   lighted,    why, 

252. 
extinguished,  258. 
flame  of  blown  out.  356. 
conical,  256. 
extinguished,  251. 
hand  al>ove,  257. 
hot,  253. 

inside  hollow,  255. 
lower  part  purple, 

254. 
on  glass,  256. 
outside  yellow,  254. 
parts  oi*,  254 
points  upwards,  2.55. 
produces  light,  254. 
yellow,  254. 
flickers,  '260. 
recjuires  snufRiig,  259. 
spirts  in  damp  weather,  302 
tallow  of,  decomposed,   'i53. 
wax,  requires    no  snuffing, 

2.59. 
wick  of.  221. 
Oannon  balls  heated,  169. 

borers  hot,  167 
Capillary  attraction,  503. 
vessels,  297. 

combustion  in,  298. 
throughout  the  bo- 
dy, 297. 
Carboc,  195. 

gives  firmne.<(s  to  plants,  305. 
Carbonic  acid  gas,  200. 

absorbed  by  lime, 
210. 

plriMls, 
207. 
accumulation  of, 

210. 
causes  death, 

201.  203,  204. 
forced   into  wa- 
ter, 216. 
formed  by  sugar, 
276.  I 


Carbonic  seid  gat,  generated  by  coi» 

bastion,  242. 
heavier  thau  ai^ 

208. 
how  diffused,  207, 
209. 
fiit^tl.  300. 
found,  201. 
in  beer  vats.  206. 
in  bI(X)d,  296. 
in  the  soil,  519. 
lime  combiues 

with,  212. 
of  cities    whence 

derived,  207. 
of  water,  214 
plants  absorb,  305. 
produced    hy    fer- 
mentation, 210, 
276. 
renders  water  acid, 

210. 
sources  of,  209. 
Carburetted  hydrogen,  220,  221. 

inflammable,  22(-. 
on  marshes,  220. 
Carpenters*  tools  hot,  167. 
Carriage  in  a  thunder  storm,  26, 
wheels  catch  fire,  165. 
Cart  wheels,  grease  oiiy  166. 
Ciiseine,  295. 

in  some  vegetables,  295 
Cats  and  owls  sleep  in  the  day,  432 
hair  not  smooth,  12. 
prowl  by  night  for  prey,  432. 
rub  their  ears,  11. 
wink  Ixcfore  a  fire,  432. 
Cattle  good  comluciors.  25. 
Cause  of  d^fr  and  clouds,  357. 

liglitnin?,  14. 
Caverns  famous  for  echoes,  500. 
Ceilings  black,  510,511. 
Cellars  cool  in  summer.  331. 
warm  in  winter,  331. 
Chandelier,  lustres  of,  479. 
Champagne,  2 IS. 

contains  carbonic   acid 

gis,  219. 
cork  flies  when  Ioosen> 
ed,  218. 
Change  of  state,  107. 
Charcoal,  196. 

fire  hot,  197. 

in  chaml)er«,  208 
purifies  meat,  197. 
water,  199. 
Chemical  action  a  source  of  ke«t,49L 
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C9iemical  action  in  corobastion,  229. 
changes  produced  by  com- 
bustion, 230. 
Chemistry,  organic,  272. 
CbeslD  It,  apples  contains  more  air 
than,  46. 
cracks  when  roasted,  44. 
nursling  of  f^hell,  causes  a 

report,  45. 
will  not  crack  when  slit, 
45. 
(#)  unney,  air  comes  down,  69. 
contracted  prevents 

smoking,  76. 
cowl  on,  73. 

will  not  prevent 
smoking,  73. 
draught  slack  in,  76. 
farm  house  smokes,  75. 
flue  high,  74. 
funnel  or  flue  of,  69. 
long,  smokes,  50. 
of  manufactories  long,  71. 
opening  of,  contracted.  72. 

loo  luree,  76. 
out  of  repair  smokes,  75. 
pots  increase  the  draught, 

77. 
raised  above  the  roof,  69. 

use  of,  77. 
smoke  ascends,  50,  68. 
smokes  if  it  needs  sweep- 
ing, 75. 
the  air  in  it  be 

cold,  50. 
the  flue  be  too 
short,  70. 
in  gusty  weather, 
76. 
■moky,  68. 

remedy  for,  69. 
vestry,  smokes,  73. 
wind  in  the,  51. 

strikes    against   the 
sides  of  the,  74. 
Chloriile  of  lime,  516. 
China  cup  broken  by  hot  water,  55. 
Chlorine  gas,  antidote  for,  326. 
Choke  damp,  207. 

Church  beil$>,  dangerous  to  ring,  2*2. 
heard  at  a  distance,  489. 
congregation  drowsy,  204. 
hottest  place  in,  65. 
St.  Bride's,  destroyed  by 

lightning,  34. 
yaras,  effluvia  of,  226. 
Chyle,  906 


Chyle  Cfinverled  into  olood,  307. 

Cider,  218. 

Cinders  lighter  than  coal,  235. 

red  hot  sooner  than  coal,  23S 
will  not  blaze,  238. 
Circle  of  fire,  460. 
Cirro-cumulus  clouds,  372. 
Cirrosirnius  cU)uds,  372. 
Cirrus  clouds,  369,  370,  371 
Cities,  air  of,  impure,  206. 
Citric  acid,  319. 

Cleanliness,  ill-clad  averse  to,  901 
ill-fed  averse  to,  314. 
Clear  weather  agreeable,  368. 
Close  rooms  unhealthy,  206. 
Clothes  damp  in  the  evening,  383. 
Clothing,  furs  used  for,  87. 

laborers  should  not   wear 

too  thick,  130. 
loose,  warm,  80 
use  of,  68. 

warm  needed  at  night.302 
wet  with  sea  water,  130. 
woolens  used  for,  87. 
Clouds,  356. 

afl'ect  the  wind,  342. 
cirro  cumulus.  372. 
cirro-8iriiius,  372,  373. 
cirrus,  369,  370,  371. 
cumulo-siriitu<t,  373. 
cumulus,  370,  371. 
division  of,  369. 
edges  luminous,  470. 
electricity  nfiects,  359. 

in  the,  13. 
electrified,  of  fanciful 

shapes,  359. 
fall  in  rainy  weather,  390. 
float  in  the  air,  357. 
forests  detain  and  condense 

the,  126. 
gather  round  mountain  topi| 

974. 
general  colors  of,  360. 
not  always 
alike,  30S. 
height  of,  15,  359. 

lightning,  1i. 
higher  on  a  fine  day,  350 
how  diischarged,  14. 
in  a  negative  state  of  elec- 
triciiy,  18 
poi^itive  state  of  eleetn- 
city,  18. 
lighter  on  a  fine  day,  350. 
lightning  pastes  from,  to  tht 
earth,  18. 


536 


INDEX. 


Clouds,  modificatuin  of,  369. 
motion  of,  362. 
nimbusi,  373,  374. 
red  in  Ihe  evening,  361,469. 
m>rning,361,469. 
•tze  of,  358. 
stratus,  370,  371. 
sabdi vision  of,  369, 372,373. 
suddenly  dissipated,  353. 
thickness  of,  358. 
thunder-bolts  never  drop 

from,  41. 
uses  of,  363. 
variety  of  shape,  359. 
vary  in  form,  357. 
velocity  of,  355. 
what  are  lowest,  358. 
winds  absorb,  359.  360. 
blow  up,  363. 
chans^e  Ihe  shape  of, 

360. 
drive  away,  360. 
in*c7CAse  lite  bulk  of, 
360. 
Cloudy  nights  warm,  377. 
Coal,  bUck,  why,  478. 

blazing,  burns  quickly,  231. 
cinders  red  hot  sooner  than, 
235. 
lighter  than,  235 
gas,  220. 

good  for  fuel,  197. 
mines  explode,  221- 
Coins,  silver  of  U.  S.,  264. 

gold  of  U.  S.,  264. 
Coke,  197. 
Cold,  air  condensed  by,  329. 

condenses  vapor,  134. 
blooded,  frogs  and  fishes.  301 . 
cannot  penetrate  the  earth,  93. 
dead  body,  302 
expands  water,  416. 
forests  produce,  126. 
iron  contains  heat,  162. 
long  grass  promotes,  127 
rotting  leaves  promote,  127. 
water  on  lime,  112 
weather,  activity  agreeable  in, 
312. 
meat  and  grease  de- 
sirable in,  309. 
more  food  eaten  in, 
309. 
when  applied  to  liquids,  102. 

Colder  in  a  thaw  than  in  a  frost,  421. 
out  of  doors  than  in,  63. 


Coldness  of  the  air  increases  the  hi^ 

239. 
Collapsing  of  a  bladder,  330. 
Color,  477. 

none  in  the  dark,  480. 
Colors,  of  Aurora  BoreAlis,  13 
clouds,  360. 

not  always  alike, 
362. 
dark  absorb  heat,  156. 
warmest,  155. 
Column  of  soldiers  marching  to  mu- 
sic, 495. 
Combining  and  mixing,   differenco 

between,  35. 
Combustion,  228. 

alkalies  detrimental  to,  236. 
capillary  vessels^  298. 
chemical  action  m  229. 

changes  produced 
by.  230. 
elements  of,  229. 
fermentation  produces,  249. 
beat  evolved  by,  228 
in  the  human  body,  299. 3!i0 
intensity  of,  unequal,  232. 
of  fuel,  229. 

oxygen  supports,  174,  17.5. 
produces  light,  428. 
spontaneous,  248. 

cause  of,  248. 
sunshine  detrimental  to,  7. 
Common  solder,  266. 
Components  of  the  animal  body,  292 
Compression,  168. 

heat  evolved  by,  163 
Condensation,  1G8 
Condensed  air  descends,  330. 
Conductor,  lightning  chooses  the 
be»t,  35. 
man  better  than  a  tree,  3J. 
Conduction  of  heat,  79, 
Conductors,  of  heat,  good,  79,  60,  81, 

82,  83,  84,  65, 
92,-97,  98,  99. 
cambric  92. 
fire  irons,  98. 
linen,  92. 
metals,  79,  30.  81, 

85,97,99.    ■ 
metiil  spoon,  97. 
solid  b  nlies,  79. 
stone,  82, 83, 81 
Conductors,  of  heat,  bad,  80,  82,  81, 
85,  86,  87,  88,  8!). 
90,  91,  92,  93,  94' 
95.96,97,98. 
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Owifactori,  air,  bad^  85,  87  89,  90, 

90,  91. 
bricks,  87,  98. 
cutum,  92. 
curtains,  124. 
down,  89. 
earth,  92,  93. 
leathers,  89. 
fur,  87. 
hair,  88 
leaves  of    trees, 

95. 
liquids,  88. 
oil,  96, 
paper,  95. 
porous  bodies,  80. 
snow,  94. 
soot,  96. 
straw,  96. 
water,  86. 
white  paint,  97. 
wood,  80,  82,  84, 
wool,  80,  81,  82, 
84, 87, 95, 98. 
Ooadactors,  of  lightning,  gowt^  21, 

23,  24,  25, 
28,32. 
animals,  25. 
bell-wire,  24. 
cattle,  25. 
copper,  28. 
heated  air,  23. 
human   body, 

32. 
inside  of  a 
man,  32. 
mass  of  bodies, 

32. 
metal,  24. 
outside    of 

tree,  32. 
running  wa- 
ter, 31. 
soot,  23. 
trees,  25. 
vapor,  24. 
walls,  23. 
wet  clothes, 
28. 
Conductori,  of  lightning,  badj  31.27. 

air,  31. 
bed,  27. 
mattrasH,  27. 
Condaotors,  lightning,  28. 

best  metal  for,  28. 
influence  of,  29, 30. 
pointed,  29. 


Conductors,  lightning,  productive  ol 
harm,  30. 
too  small,  30. 
use  of,  29. 
Conductors  of  heat  not  absorbers, 

149. 
Convection,  99. 

air  heated  by,  87. 
iron  cooled  by,  104. 
Convective  currents,  103,  328. 
Cooking,  smoke  in,  160,  161. 

vessels  with  wooden  han- 
dles, 84. 
Cool  under  a  shady  tree,  94. 
Copper  and  iron  sonorous,  486. 
best  conductor,  ISB. 
better  than  iron,  28. 
tarnishes,  180. 
Cork  forced  out  of  ale  bottle,  49. 
of  a  champagne  bottle,  218. 
Corns  ache  before  rain,  509. 
Cornea,  454. 

too  convex,  455. 
flattened,  455. 
Cornelian    transparent  when  wet, 

452. 
Corrosive  sublimate,  antidote  for, 
325. 
keeps  paste  from  souring. 

Cotton  handkerchief  feels  warm,  92. 
Countries  least  cloudy,  357. 
most  cloudy,  357. 
Country  air  pure,  205. 
Course  of  the  wind,  342. 
Covering  radiates  heat,  131. 
Cowl,  u»e  of,  51. 

on  a  ciiinuiey,  73. 

not  prevent  smoke,  73. 
Cultivation  increases  warmth,  126. 
Cup,  china^  broken  by  hot  water,  55 
in  a  pie,  52. 

full  of  juice,  53. 
makes  it  boil  over,  53 
Currents,  convective,  103. 
of  air,  343,  3(4. 

in  a  room,  61^. 
water  pasj  each  other, 
100. 
Curtains  bad  conductors  of  hent,12l 
rooms  separated  by,  124. 
wanner  with,  91. 
sprinkled  with  water,  124 
Crowd  unsiife  in  a  storm,  24. 
Crowded  room  produces  head-acho, 
901. 
unwholesome,  808 
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Dnity  shoes  hot,  149. 
Dutch  gold,  264. 

Dwelling,  parts  of,  dangerous  in  a 
storm,  22. 

E. 

Car-trumpets,  use  of,  493. 
Earth  a  bad  conductor,  92. 

below  the  surface  cool  in  sum- 
mer, 93 
warm  in  winter,  93. 
colder  than  the  air,  376. 
emmbles  in  the  spring,  422. 
heat  eannot  penetrate,  93. 
rotundity  of,  451. 
warmer  than  the  air,  when, 

376. 
wet,  promotes   evaporation, 
125. 
Earthenware,  271. 
Ebullition,  113. 
Echo,  499,  501,  502.  * 
cause  of,  499. 
caverns  famous  for,  50u. 
halls,  etc.,  famous  for,  500, 

501. 
mountains  famous  for,  500. 
places  famous  for,  499. 
Effects  of  evaporation.  121. 

lightning,  33. 
Effervescence,  216. 

cause  of  216. 
soDn  subsides,  218. 
Effervescing  draughts,  216. 
Effluvia  of  church-yards,  226. 
Egg  fresh  or  stale,  90. 

shell  of  a  stale,  warm,  90. 
tarnishes  silver,  525. 
thick  end  cold  when  fresh,  529. 
Elbow-joint,  electric  shock  felt  at, 

30. 
Electric  shock  felt  at  the  elbow-joint, 

30. 
Electrical  cloud,  how  di8charged,14. 
Electricity  a  source  of  heat,  9. 
affects  clouds,  359. 
in  the  cloud.«>,  13. 
invisible,  12. 

known  to  the  ancients,  9. 
negative,  18. 
odor  of,  12. 
positive,  18. 
produced  by  friction,  9. 
produces  itching,  11. 
Electrified  clouds  of  fanciful  shapes, 

Elements^  non-metallic,  170. 


Elements  of  comlustion,! 

fuel,  229. 
Esquimaux  fund  of  train  oil,  300. 
Ether,  427. 

undulations  of,  produce  light, 

427. 
allays  heat,  121. 

better  than  water.  131  ^ 
freezes  in  an  ezhaustea  re- 
ceiver, 425. 
relieves  a  burn,  122. 
Evaporation,  121. 

carried,  on,  127. 
draining  land  diminish* 

es,  126. 
effects  of,  121. 
heat  produces,  86. 
macintosh  prevent!  123. 
of  sea,  340. 
of  water,  124. 
produces  cold,  125,425. 
reduces    temperature, 

124. 
wet   earth   promotes, 
125. 
Evenmg  breeze,  352. 

clouds  red,  469. 
Ewers  break  in  a  frosty  night,  413. 
Expansion,  43. 

of  air^  45. 
liquids  and  gases,  43. 
metals,  54. 
Explosion  of  gunpowder  produces  a 

^report,  45. 
Eyes,  do  not  see  double  with  two, 
433. 
negroes  have  black,  158. 
use  of  two,  433. 
Eye  pained  by  light,  429. 

pupil  of,  dilates  in  the  dark,  439, 
431. 
does  not  dilate  instantly, 

430,  431. 
soon  contracts  in  the  lisW 
430,  431. 
seat  of  vision,  452. 

F. 

Fanning,  152. 

heats  the  air,  153 

the  face,  152. 
Farm  house  chimney  smokes,  78 
Fat  persons  swim  easily,  607. 
Featners  bad  conductor,  89. 
Feeling,  sensation  of,  317. 

lost.Sl' 
Feet  cold  by  a  good  fire,  07. 
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Fermentation,  975. 

and  patrefaetion,  875. 
compounds  produced 

by,  276. 
makes  dough  ri8e,283. 
of  sugar,  275. 
produces    carbonic 
acid,  210. 

combustion,  249. 
Pibrme,  S96. 

Piddle  strings  snap  in  wet  weather, 
392. 
sound  of,  496. 
f  inger  glass,  vibrations  of,  488. 
Fire,  229. 

a  little  water  makes  it  bum, 

243,  244. 
blazing,  230,  231. 
bright  and  dark  spots  in,  232. 
burns  better  in  the  open  air, 
241. 

winter  than  sum- 
mer, 239. 
briskly  in  windy  wea- 
ther, 841. 
less  fiercely  in  a  frost, 
241. 
csirri;ige  wheel-!  catch,  165. 
charcoal,  in  chambers,  206. 
coldness  of  air  increases,  239. 
covered,  239. 
dangerous  in  a  thunderstorm, 

23. 
door  opposite  to,  75. 
dull  if  the  flue  be  short,  70. 
revived,  245.- 
stirring  quickens  a,  245. 
flame  of  a  good,  yellow,  251. 
forests  on,  167. 
goods  catch,  of  themselves, 

248. 
greasy  rags  sometimes  catch, 

250. 
heat  of,  247. 
horses  strike,  with  their  feet, 

164. 
hydrogen  gas  of,  238. 
in  adjoining  rooms  smokes,  72. 
intensity  of,  245. 
irons  good  conductors,  98. 
kindled  at  the  bottom  of  the 

grate,  234. 
ligTit  of  237. 
neighbors  house  on,  244. 
on  a  frosty  night,  238. 

burn«5  clear,  239. 
paper  chars  if  laid  flat  on,  242. 


Fire,  placed  near  the  floor,  78 

poker  laid  across  revives  it,  78 
powdered  sulphur  will 

quench,  245. 
produced  by  friction,  165. 
produces  heat,  230. 
red  hot,  230,  231. 
room  with  two,  72. 
small  opening  near  the,  pr*. 

vents  smoke,  72. 
sparks  of,  burst  from  wocd,47 

crackle,  47. 
stones  snap  in  the,  48. 
stronger  with  a  long  flue,  71 . 
supplied  with  air,  ^. 

by  a  tube,  69. 
oxygen,  77. 
tinder  catches,  168. 
water  extinguishes,  243. 

fuel  for,  243. 
wet  kindling  will  notIight,2.35. 
when  does  water  extinguish, 

244. 
wood  blazes  when  near  the, 
244. 
Fish,  putrefying,  luminous,  225. 
Fishes  ascend  and  descend  in  water, 

508. 
Fixed  oils,  321. 
Flame,  250. 

blown  inwards.  62. 

outwards,  61. 
blueish  on  hot  cinders,  237. 
bursts  through  the  bars  of  a 

stove,  236. 
of  a  candle  blown  out,  256. 
conical,  •256, 
extinguished,  251 
hand  alwve,  257. 
hot,  253. 
inside  of    hollow, 

255. 
intermediate    cone 

purple,  255. 
moisture  extin- 
guishes, 48. 
on  glass,  250. 
outside  of,  yellow, 

254. 
parts  of,  25t. 
paints  upward."*,  255 
produces  light,  254 
a  good  fire  yellow,  251 
gas,  258. 

greenish  yellow,  237. 
will  not  pass  through  wir« 
gauze,  222. 
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Flame,  yellow,  brijrht.  25t. 
Flannel  keeps  ns  warm,  301. 
Flash,  the  sound  of  thunder  follows 

the,  41. 
Flat-irons  hot,  135. 
riesh  of  old  animals  tough,  2^. 
Fluii  struck  against  steel,  163. 
r  lowers  jraell  sweeter  before  rain, 

134. 
Fine  of  a  ciiiK  ney,  60. 

stoveo  should  be  blackened, 
140. 
Fluidity,  mercury  distinguished  by 

its,  54. 
Flutes,  498. 
r>g,  406. 

and  clouds,  causte  of,  357. 

difference  between, 
356. 
F<^  common  in  valleys,  411. 

do  not  occur  every  night,  408. 
occur  at  night  when,  408. 
over  rivers  and  marshes,  408. 
.    sun  red  in,  470. 
wind  dissipate?,  411. 
Food,  306. 

converted  into  blood,  306. 
more  eaten  in  cold  weather, 
309. 
Foot-warmers,  covered   with  flan- 
nel, 98. 
polished  thi,  93. 
marks  covered  with  ice,  414, 
415. 
ForestB  detain  and  condense  clouds, 
126. 
on  fire,  167. 
prevent  the  access  of  wind 

and  sun,  126. 
produce  cold,  126. 
Forked  lightning,  15. 
France  and  Germany  warmer  than 

formerly,  127. 
Fresh  water  sparkles,  214. 
Friction,  165. 

disturbs  latent  heat,  166. 
fire  produced  by,  165. 
produces  electricity,  9. 
Frogs  and  fishes  cold*blooded,  301. 
Frost,  bricks  loosened  after,  52. 

makes  the  earth  crack,  422. 
on  tomb-stones,  157. 
work  on  wmdows,  402. 
Froth  and  spray  while,  478. 
of  ala  and  porter,  49. 
fermentcM)  liquors,  981. 
Frosen  dew,  411. 


Fruits  and  vegetables  c{>oing,  310, 
311. 

fall  from  the  tree,  502. 
more  eaten  in  hot  weather, 
310. 

Fuel,  coal  good  for,  197. 
combustion  of,  229 
elements  of,  229. 
of  the  body,  306. 
stones  unsuitable  for,  198. 
Fulgurites,  33. 
Funnel  of  a  chimney,  69. 
Fur,  beasts  covered  with,  88. 

prevents  heal  from  escapsrig,  '^*<. 
Uvsed  for  clothing,  87. 
,  farnaces  built  of  bricks,  Uti. 

doors  covered  with  clay 
and  sand,  99. 
Furnicur  c  of  a  room  of  the  same  tem- 
perature, 83. 

G. 

Gallery  the  hottest  pnrt  of  thebuild- 
ing,  65. 
of  a  church  hotter  than  th« 
aisle,  66. 
Galvanized  iron,  265. 
Gas,  327. 

and  liquids,  514. 
carbonic  acid,  200 
carburetted  hydrogeu,  220,  221 
coal,  220. 
elasticity  of,  515. 
flume,  258. 
hydrogen,  184. 
nitrogen,  192. 
oxygen,  170. 
Gases,  expansion  of,  43. 

from  putrefying  substances, ! 
Gaseous  substances,  108. 
Gelatine,  295. 
German  silver,  264. 

tarnishes,  l&L. 
Ghost  stories,  how  originated, 
Gideon's  miracle,  383. 
Ginger  beer,  218. 
pop,  217. 
Glass,  266. 

a  good  radiator,  403. 
reflector,  476. 
a  reflector  of  light,  444. 
breathing  on,  dulls  it,  404 
broken  by  hot  w>iter,  65. 
of  a  window  cool,  401^^03 

cold  water  misty,  403. 
opaque  when  ground,  4?2. 
outside  of,  not  expanded,  M 
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GlsM,  plate,  987. 

groand,  267. 
for  what  used,  267. 
porcelain,  earthenware,  280. 
snaps  when  unequally  ex- 
panded, 55. 
worked,  266. 
OlaaMBi  double  concave,  454. 

use  of,  455. 
convex,  456. 

use  of,  456. 
suited  for  old  persons,  456. 
'Olazier,  mending  a  window,  10. 
Glazing,  270. 
Globular  lightning,  16. 
Gloves,  black  kid,  warm,  156, 158. 
Lisle  thread  cool,  156, 157. 
white,  158. 
Glow-worms  glisten  by  night,  432. 
Glue  adhesive,  129. 
Gluten,  278. 

changed  by  putrefaction,  287. 
Gold,  182, 183. 

cohis  of  U.  States,  264. 
Dutch,  264. 
jewellers',  264. 
Goods  catch  fire  of  themselves,  248. 
Grape.juice,  yeast  not  needful  in,278. 

sugar.  274. 
Grapes  on  the  vine,  278. 
Graphite,  195. 
Glass  a  good  radiator,  381. 

long,  promotes  cold.  127. 
wood,  etc.,  radiate  neat,  380. 
Grate,  fire  kindled  at  the  bottom  of, 
234. 
red  hot,  101. 
Gravel  a  bad  radiator,  381. 
Gray  morning  indicates  a  fine  day, 

366. 
Grease  on  cart  wheels,  106. 
prevents  rust,  177. 
soap  destroys,  3*23. 
turpentine  exiructs,  321. 
Greasy  paper,  unfit  to  write  on,  321. 
rags  sometimes  catch  fire,  250. 
Qreen  fire,  how  produced,  517. 
gooseberries  hard,  5*20. 
tea  unwholesome,  326. 
wood  snaps  little,  48. 
GrGte.?que  figures  in  hot  coals,  232. 
Ground  cold  on  a  clear  night,  376. 
glass  opaque,  472. 
hoar-frost,  411. 
hardened  by  the  sun,  128. 
Guano  as  a  manure,  519. 
Gum  ndhesivo,  129. 


Gunpowder,  211. 

explosion  uf,  #5. 
Gusty  weather,  chimneys  Mnche  in 

76. 
Gutta  percha,  324. 

H. 
HaU,  398. 

attended  witli  thunder,  308. 
falls  generally  in  summer,  3M 
two  tilings  essential  to 
cause,  399. 
Hair,  brushing  excites  it,  11. 
Halls  famous  for  echoes,  500. 
Hams  smoked,  526. 
Halo  round  the  moon,  367. 
Handle  of  a  metal  pot   made  of 

wood,  85. 
Hands  chap  m  frosty  weather,  941. 
Hard  and  soft  soap,  difference  be- 
tween, 322. 
Hard  water  agreeable  to  drink,  214. 
exposed  to  the  air,  214. 
made  soA  by  ashes,  ISt). 
unsuitable  for  washing, 
188. 
Harm,  lightning  conductors  produc- 
tive of,  30. 
Hartshorn,  an  alkali,  219. 
Hawks  see  at  a  distance,  457. 

within  half  an  inch  of 
the  eye,  457. 
Hay-stacks  catch  fire,  249,  250. 
Haze  round  the  sun  indicates  rain, 

367. 
Head-ache  produced  by  a  crowded 

room,  201. 
Health  injured,  123. 

open  air  best  for,  205. 
Hearing,  boundaries  of  human, 496 
Hearth-rug  a  non-conductor,  84. 
stone  feels  hot,  83. 
cold,  83. 
the  temperature  of  the  ear* 
pet,  83. 
Heat,  7. 

air  absorbs,  150. 

draws  away  from  us,  88. 
expanded  by,  43. 
never  radiates,  385. 
all  bodies  contain.  111. 
applied  to  the  bottom  of  tlie 

kettle.  101. 
bad  radiator  of,  130. 
best  conductors  of.  79, 
cannot  penetrate  the  earth,  99 
eanses  pempimtion,  302. 
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Heat,  chemical  action  a  source  of,43. 
conduction  of,  79. 
conductors  of,  79. 
covering  radiates,  131. 
curtains,  bad   conductors  of, 

124. 
decomposes  wood,  137. 
does  not  always  produce  light, 

250. 
effect  of,  on  the  air,  333. 
electricity  a  source  of,  9. 
evolved  by  combustion,  228. 
compression,  108. 
expteuds  air,  332. 

substances,  43,  44. 
furs  prevent    from  escaping, 

oo. 
in  cold  water,  112. 
ice,  110. 

proved, 111. 
latent.  110,  162. 

aisiurbed  by  friction,  166. 
liberated,  '^53. 
made  sensible,  16-1. 
liquids  impart  no  extra,  120. 
melts  metals,  136. 
mercury  expands  by,  54. 
metal  expands  by,  56. 
ofa  dunghill,  248. 
a  large  man,  249. 
ice  made  sensible,  426 
our  bodies,  298,  299. 
boiling  water  consumed  in 

melting  ice,  136. 
the  sun,  7. 
oxygen,  the  cause  of  animal, 

paint  blisters  from,  131. 
poliohed  metal  a  conductor  of, 

146. 
principal  source  of,  7. 
produced  by  fire,  230^  247. 
mechanical  ac- 
tion, 161. 
produces  evaporation,  86. 
radiated  by  every  thing,  139. 
radiation  of.  137. 
reflection  of,  144. 
reflectors  of,  145. 

polished  metal, 
145. 
seeks  an  equilibrium,  83- 
sensation  of,  producea,  8. 
separates  water,  115. 
softens  wax,  136. 
swells  air  ir  a  bladder,  43. 
'  irarps  wood,  524. 


Heat,  water  a  bad  conductor  of,  36, 

proved, 
101. 
whence  derived,  112. 
wood  a  bad  conductor  of,  80. 
woolens  prevent  from 

escaping,  88. 
worst  conductors  of,  80. 
Hedges  promote  warmth,  126. 
Height  of  clouds,  15,  358. 

lightning  clouds,  14. 
mountains  measured,  334. 
Hills  appear  larger  in  wet  weather, 
409. 
farther  ofl*  in  wet  wea- 
ther, 409. 
and  mountains  change  the 
wind,  339. 
Hoar>fro3t,  411. 

covers  ground  and  trees, 

412. 
from  frozen  fog,  412. 
none  under  shady  trees, 

412. 
on  grass  and  vegetables, 

413. 
only  after  a  clear  night. 
412. 
Hole  made  by  a  ball,  169. 
Honey-dew,  385 

ants  fond  of,  386. 
effect  of,  on  leaves,  386 
Hoops,  heated  red  hot,  56. 
Horn  transparent^  452 
Horses  snuff  up  air  before  rain,  134 
strike  fire  with  their  feet,  164 
Hospitals,  contagious  matter  re- 
moved, 515. 
Hot  air,  houses  heated  with,  51. 
bricks  heat  the  feet,  87. 
broth  cooled,  105. 
cannon  borers,  167. 
caroenters'  tools,  167. 
cinaers,  flame  blueish  on,  237 
cloudy  nights  oppressive,  368 
coals,  grotesque  figures  in,  23"^ 
fire  red,  230. 
food,  blowing  cools,  106. 

frate,  red,  101. 
oops  heated  red,  56 
how  to  keep  water,  102. 
iron,  176. 

bends  esisily,  108. 
cooled  by  radiation,  140 
converts  water  into 
steam.  132. 

why,  133. 
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Hot  Inm,  drop  of  water  rolb 
over,  t34. 

why,  135. 
flat.  135 
kettle  holder  does  not  feel,  95. 
lid  of  kettle,  06. 
metal  feels  wanner  than  hot 

wool,  80. 
murii  keeps,  103. 
particles  of,  water  ascend,  101. 
poker  handle,  78. 
room  quickly  cooled,  65. 
rotting  leave?,  215. 
silver  spoon,  97. 
soap  keeps,  102. 
starch  keeps  water,  103. 
tea  cooled  by  stirring,  105. 
tire  heated  red,  57. 
water  breaks  glass,  55. 

china  cup  broken  by,  55. 
melts  sugar,  191. 
razor  dipped  in,  56. 
soon  freezes,  108. 
weather    followed  by  thunder 
stormii,  42. 
fruits  relished  in,  310. 
produces  laziness,  308. 
Hottest  place  in  a  church,  65. 
House  heated  with  hot  air,  57. 
m  a  valley  smokes,  73. 
lightning  knocks  down,  34. 
part  of,  gnfest  in  n  storm,  26. 
Houses  in  a  street,  446. 

seem  smaller  in  the 
distance,  447. 
Human  body  a  good  conductor,  32. 
Hunger,  311. 

cold  produces,  311. 

felt  less  in  the  night  than  in 

the  day,  312. 
produces  laziness,  314. 
produced  by  singing,  314. 
reading  aloud  create?,  312. 
work  produce?,  312,  313. 
Hydrogen,  184. 

and  water,  184. 
carbureltetl,  '220,  221. 

on  marshes,  220. 
inflammahle,220. 
characteristics  of,  185. 
combustible,  185. 
dcHiroys  life,  185 
discovered,  when,  185. 
gas  of  fire,  238. 
has  no  tarte,  lb5. 
phosphuretted,  226. 
uses  of,  186. 


I. 

Ice,  413. 

contains  latent  heat,  167. 
foot  marks  covered  wiUi,  414, 
415. 

heat  in,  110,  111. 

of  m»de  sensible,  426. 
houses  lined  with  straw,  96. 
lighter  than  water,  413. 
melted  by  the  sun,  136. 
on  a  river,  417. 
rubbed  together  melts,  166. 
salt  diiisolvesj  421. 
sulphuric  acid,  etc.,  dissolves, 
422. 
Ignis  fatuu?,  226. 

flies  from  us,  227. 
follows  us,  Si28. 
ignited,  227. 
Ill-clad  averse  to  cleanliness,  301. 
Ill-fed  averse  to  cleanliness,  314. 
Incidence,  line  of,  434. 
Indian-rubber  erases  pencil  marks, 
517. 
makes  paper  adhesive,  9. 
Inflated  balloon  rises,  50. 
Influence  of  lightning  conductors, 

29, 30. 
Inhabitants  of  warm  countries  live 

on  fruits,  310. 
Injury  frf»m  lightning,  to  avoid,  27. 
Ink-^pot  binck,  475. 

turns  yellow,  475. 
Inner  pot  cannot  boil,  119. 
Insects  fly  low  in  wet  weather,  394. 

walk  on  the  ceiling,  512. 
Insensible  perspiration,  401,  403. 
Intensity  of  combustion    unequal, 
232. 
fire  depends  on  what,  245. 
Inverted  ship,  459. 
Invisihlfi  vapor,  118. 
Iris,  453. 
Iron  a  bad  absorber,  150. 

iiff"ected  by  lightning,  38. 
air  rusts,  176. 

better  conductor  than  wood  8f 
bright,  on  the  fire,  178. 
cinders  will  not  burn,  199 
cold,  contains  hent,  162. 
contracts  on  cooling,  56. 
drop  of  water  rolls  over  hot, 

IM,  135. 
flat,  hot,  135. 

Galvanized,  265. 
andle    not   colder    than    t)i« 
pump,  81. 
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Deitds  easily,  106. 
converts  water  into  steam, 

132,133. 
made  r-^,  by  hammering, 

162. 
pump  handle  feels  cold,  81. 
rusts,  176,  521. 

in  damp  air,  177, 179. 
steel  made  from,  263. 
wire,  a  good  conductor  of 
sound,  494. 
fsUiods,  temperature  of,  150, 151. 
Jtch,  581. 
llehing  produced  by  electricity,  11. 

J. 

Jaek-o*Lantern,  228. 
feweller's  gold,  264. 
Tangles,  204. 

K. 

KeUle  boils  over,  116. 

bottom  of,  cold,  06. 

bright,  148. 

covered  with  soot,  155 

does  not  sing  114. 

heat  applied  to  the  bottom  of, 

101. 
holder  does  not  feel  hot,  06 
woolen,  95. 
paper,  86. 
Ud  of,  hot,  96. 
new  155. 

sings  on  the  side  of  the  fire, 
115. 
most,  when,  114. 
when  cooling,  115. 
spont,  water  runs  out  of,  117. 
Key-hole,  draught  through,  63. 

L. 

Lactic  acid,  319. 
/dikes  rarely  freeze,  420. 

springs  pre  -'ent,  freezing,  421. 
[«amp-black,  196. 

glass  diminishes  the  smoke, 

247. 
safety  221, 222. 
smokes,  why,  246. 

when  the  wick  is  un- 
even, 246. 

high,  946. 
irfind  breeze  cool,  354. 

unhealthy,  353. 
^planders  wear  fur,  550. 
Lata  spring,  521. 

46* 


Latent  heat,  110, 162. 

developed  from  wooa, 

165. 
disturbed   by   friction, 

166. 
in  Mrater,  111. 
liberated,  253. 
made  sensible,  164. 
not  perceptible,  111. 
Laudanum,  antidote  (oTj  325. 
Laziness  produced  by  hot  weather, 

308. 
hunger^  314. 
Lead,  white,  263. 

not  sonorous,  486. 
oxidizes,  180. 
Leather,  318. 

moist,  attached  to  a  stone, 
511. 
Leaves,  brown  in  autumn.  479. 

effect  of  rain  on  falienj  393. 
green,  479. 

rough,  radiate  heat,  380 
Lid  of  a  kettle  hot,  96. 

saucepan  bright,  159. 
tight  on  a  br>iler,  116. 
Life,  animal,  dependent  on  vegeta* 
ble,  305. 
oxygen  sustains,  175. 
vegetable  dependent  on  animal, 

Light,  427.' 

absorption  of,  429. 

all,  travels  equ>01y  fast,  428. 

combustion  produces,  428. 

Drummond,  187. 

eye  pained  by,  429. 

from  houses,  trees,  etc.,  428. 

heat  not  always  productive  of, 

250. 
of  a  fire,  237. 

oxygen  refracts  very  little,  ITS 
reflection  of,  429. 
thrown  off  in  rays,  429. 
travels  rapidly,  427. 
undulations  of  ether  produce, 
427. 
Lightning,  13. 

affects  iron  and  steel,  38 
air  a  non-conductor  of ,31 . 
resists  the  passage  of^ 
31. 
bark  of  a  tree  torn  by,  33. 
cause  of,  14. 
chooses  best  conductors, 

35. 
cloud,  discharged,  91. 
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,  eUmda,  height  of,  14. 
eommon  in  sammer  and 

aatanm,  17. 
eondnetors,  9B. 

best  metal  for,  28. 
inflnence  of,  29^30. 
pointed^  29. 
productive  of 

harm,  30. 
too  small,  90. 
QM  of,  29. 
dertroys  life,  19. 

when,  19. 
doea  not  soar  old  beer,  37. 
effects  of,  33. 
flash  straii^ht,  15. 
followed  by  wind,  16. 
rain,  16. 
forked,  15. 
globalar,  16. 
knocks  ditwn  houses,  34. 
looks  like  balls  of  fire,  19. 
magnetic  needle  reversed 

by,  38. 
metal  fused  by,  37. 
oaks  often  struck  by,  31. 
parts  the  air,  31. 
pcunes  from  the  clouds  to 
the  earth,  18. 

earth  to 
the  clouds,  18. 
persons  mnimed  by,  19 
produces  fulgurites,  33. 
procee<l!*  from  a  positive 

bo<ly,  18. 
purifies  the  nir,  37. 
run;*  down  the  inside  of  a 

man,  3*2. 
sheet.  16. 

Rt.  Bride's  church  de- 
stroyed by,  34. 
summer,  17. 

to  avoid  injury  from,  27. 
trees  broken  by,  30. 
comiuciors  of,  25. 
scorched  by,  17. 
turns  beer  sour  36. 
milk  sour  35. 
two  flashes  o{  forked,  15. 
lif-zag,  15. 

eonductors,  gooJ^  32,  28. 
25,24  23,21, 
metals,  24. 
ma-'S  of  bo- 
dies, 32. 
human  body, 
3S. 


Lightning  eondnetw,  good^  oottida 

of  atree,33. 
inside   o{   a 

man,  33. 
copper,  28. 
wet  clothes, 

SB. 
trees,  25. 
animals,  25. 
cattle,  25. 
vapor,  24. 
bell- wire,  24 
walls.  23. 
heateo  air,23 
soot,  23. 
mnning  wa* 

tcr,  21 
M,31,27. 
air,  31. 
bed,  37. 
mattress,  27. 
use  of,  2B. 
best  metal 
for,  28. 
Lilac  steel,  178. 

free  from  mst,  170. 
lime  and  water  combine,  36. 
cold  water  on,  112. 
combines  with  carbonic  acid, 

212. 
decomposes   offensive    gases, 

516. 
marl,  etc.,  as  manure,  519. 
phosphate  of,  224. 
quick,  alMorbs  carbonic  acid 
210. 
Limes  and  Lemons  sour,  318. 
Line  of  incidence,  434. 
reflection,  435. 
Linen  dried  by  the  wind,  125. 
in  the  air,  125- 
shirt  colder  than  cotton,  91. 
water  cleans,  189. 
wind  dries  damp,  350. 
Liquefaction,  135. 
Liquids  bad  conductors  of  heat,  8^ 
99. 
boil,*ll3. 

changed  to  steam,  109. 
expansion  of,  43. 
impart  no  extra  heat,  ISM). 
not  elastic,  515. 
Liquid  substances,  108. 
Liquors,  froth  of  fermented,  281. 

gurgle  when  decanted,  5101 
Loaf  sugar,  274. 
Localities,  thunder  "iflected  by  40. 
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Loadan  fog.  406. 
Long  wick  oait,  299. 
Loose  clothing  warm,  89. 
Lacifer  matches,  130^  224. 

ignite,  225. 

M. 

Macintosh  prevents  eyaporationjl23. 
Magnetic  needle  reversed  by  light- 
ning, 38. 
Malic  acid,  318. 
Malt,  278. 

Man  better  conductor  than  a  tree,  33. 
may  discharge  a  cload,  22. 
on  the  top  of  a  spire.  447. 
shrinks  when  starved,  314. 
Manufactories,  chimneys  of,  long,71. 
Manure  makes  land  fertile,  518. 
Marking  ink,  527. 
Marsupmm,  457. 

Mnss  of  bodies  good  conductor,  32. 
Hatches,  blacksmiths  light  their,  162. 
lucifer,  130,224. 

ignite,  225. 
Mattress  a  non-conductor,  27. 
Meat  and  grease  desirable  in  cold 

weather,  309. 
disliked  in  hot 
weather,  310. 
putrefies  in  hot  weather,  228. 
changeable  wea> 
ther^  289. 
salted  less  nutritious  than 

fresh,  293. 
salt  preserves,  294. 
taint  of,  removed,  289,  317. 
'  taints  on  a  moonlight  night, 
143. 
tough,  293. 
Mechanical  action,  161. 

heat  produced 
by,  161. 
Melted  wax,  hard  when  cold,  107. 
Mercury  distinguished  by  its  fluidi- 
ty, 54. 
expands  by  heat,  54. 
rises  in  the  thermometer,  55. 
Metal,  bell,  265. 

Britannia,  265. 
expansion  of,  54, 58. 
fused  by  lightning,  37. 
handle  burns  the  nand,  85. 

hotter  than  a  wooden 
one,  85. 
hot,  feels  warmer  than  hot 

wool.  80. 
melted  by  heat,  136. 


Metal,  most  rapid  conductor  of  heat, 

79. 

polished,  a  had  radiator,  112. 

conductor,  146. 

reflector,146, 147. 

will  not  collect  dew,  361, 

383. 
pot,  handle  of,  made  of  wood , 

84. 
spoon  a  conductor  of  heat,97 
tea-pot  of  polished,  141, 142 
Metals,  262. 

and  alloys,  262. 
combine  with  oxygen,  160. 
Meteorology,  327. 
Middle  story  safest  in  a  storm,  26. 

why,  27 
Milk  boils  sooner  than  water,  107. 
over,  113. 
easily  bums,  292. 
lightning  sours,  35. 
rennet  curdles,  319. 
sour,  curdles,  319. 
stale,  curdles  when  boiled,  282. 
turns  sour,  281. 

in  hot  weather,  262i 
Miner  lowers  a  candle,  201. 
Mineral  springs,  188. 
Miners  in  danger,  222^23. 
Mines,  coal,  explode,  221. 
ventilation  of,  66. 
Mirrors,  268. 

rays  of  light  reflected  bv,  434 
reflect  our  image,  434, 436. 
small,  reflect  our  whole  per- 
son, 437. 
Miscellaneous,  502.^ 
Mist,  399. 

and  dew  vanish  at  sun-rise,  407. 
fog,  375. 

difference  between,  411. 
not  dew,  406,  407. 
windows  covered  with,  400, 402 
Modification  of  clouds,  369. 
Moisture  extinguishes  flame,  48. 

dissolves  salt,  130. 
Money  in  our  pocket  feels  hot  before 

a  fire,  80. 
Monsoons,  346. 

change  of,  marked,  how,  848. 
limits  of,  346. 

more   powerful    than    trade 
winds,  347. 
useful  than  the  trade 
winds,  348. 
Moon  appears  large  in  the  horisoiit 
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Idoon  appears  larver  than  the  Stan, 

like  a  flat  sorTace,  449. 
halo  round,  367. 
light  on  water,  441. 
•hadow  of,  479. 
&Ioming  breeze,  352. 

clouds  red,  460. 
Mortar,  S13. 

adhesive,  213. 
becomes  hard,  213. 
crumbles  in  frost,  423. 
Moif  s  of  dust  in  the  air,  106. 
Mother  of  pearl,  471. 
Moulding,  260. 
Mouldy  bread,  529, 
Mountain  top,  difficult  to  breathe 

on,  332. 
Mountains  affect  thunder,  40. 
free  from  noise,  403. 
height  ofj  measured,  334. 
Mountainous  countries  rainy, 391. 
Motion  of  the  aea,  341. 
Motions  real  and  apparent,  345. 
Mush  keeps  ho',  103. 
Musical  glasses,  498. 
sounds,  496. 

and  noises,  496. 
Mutton  fat  solid,  321. 

N. 

Nail  beaten  by  a  hammer,  163. 
Near-sightedness,  cause  of,  453,457. 

glasses  fur,  454. 
Negative  electricity,  18. 
Negroes,  157. 

have  black  eyes,  158. 
Neighbor's  house  on  fire,  244. 
Nimbus  clouds,  373,  374. 
?  'trie  acid  purifies  the  air,  38. 
*   'rogen,  192. 

and  air,  192. 

oxygen  mix,  36. 
colorless,  193. 
does  not  sustain  combus- 
tion, 193. 
expired,  202,  303. 
when  discovered,  192. 
Non-metallic  elements,  170. 
Noon,  where  the  sun   is  vertical, 

337. 
North  winds  generally  cold,  351. 

dry,  351. 

O. 

IMbi  of[«i  stn  Jk  bv  lightning,  31. 


Oar  in  water  bent,  462. 
Objects  cannot  be  counted  whea 

riding  rapidly,  458. 
Ocean  adjects  the  wind,  340. 
Odor  nf  electricity,  12. 

air  filled  with,  before  rain,  ISl 
134. 
Oenanthic  acid,  318. 
OU,  198. 

liquid,  321. 

prevents  water  freezing,  06 
•alad,  323. 
thick  in  winter,  322. 
Oiled  paper  transparent,  472. 
Oils,  320. 

fixed.  321. 
volatile,  321. 
Old  people  far-sighted,  457. 

unable  to  walk,  606. 
saucepan  boils  soon,  159. 
Oleine,  321. 
Opening  of  the  chimney  contracted, 

72. 
Optics,  427. 

Orange,  accidental  color  of,  488. 
Organic  chemisirv,  '^72. 
Oxalic  acid,  antidote  for,  326. 

removes  ink  spots,  527. 
Oxides,  175 
Oxygen,  170. 

and  carbon  unite  in  the  blood 
300. 
nitrogen  mix,  36. 
oxides,  170. 

difference  be- 
tween, 170. 
by  whom  discovered,  171. 
cause  of  animal  heat,  175. 
fire  supplied  wiih,  77. 
gives  vitality  to  the  blood,  175 
m  the  blood  produces  heat,303. 
its  use,  172,  175. 
less  in  damp  weather,  173. 
metals  combine  with,  180. 
more  in  clear  frosty  weather, 

173. 
never  liquid  or  solid,  172. 
no  taste  or  smell,  172. 
of  plants,  305. 

refracts  light  very  little,  172. 
supports  combusti(m,  174, 175. 
sustains  life,  175. 
tinder  supplied  with,  163, 164 
want  of,  relaxes  the  systen^ 

173, 174. 
who  gave  it  the  D<irae,  179. 
Ozone,  12. 
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Paint  blisten  from  heat|131. 
preserves  wood.  ^. 
prevents  rust,  177. 
Paper  a  bad  conductor,  85. 

adhesive  when  nibbed,  10. 
barns  more  readily  than  wood, 

233. 
chars  if  laid  flat  on  a  fire,  242. 
earls  when  scraped,  624. 
extinguisher,  258. 
greasy  unfit  to  write  on,  381. 
kettle  holder,  95. 
packers  when  wetted,  392. 
wood  bams  lonjg^er  than,  234. 
Parlor  smells  of  snot  m  sanuner,  77. 
Partial  vacoam,  08. 
Partition  walls,  492. 
Paste  adhesive,  129. 

corrosive  sublimate  prevents 
turning  soar,  882. 
Pearl  divers  often  deuf,  508. 
Percussion,  161. 

Persons  who  live  in  close   rooms 

palej  306. 
open  air  rud- 
dy, 306. 
Perspective,  450. 
Perspiration,  insensible.  401 ,  403. 

produced  oy  heat,  302. 
Petrefuctions,  189. 
PetrcN,  394. 
Pewter,  266. 
Phosphate  of  lime,  224. 
Phosphorus,  223. 

and  phoephnretted  hy- 
drogen, 223. 
discovery  of,  294. 
how  obtained,  223. 
inflammable,  224. 
luminous  in  the  dark, 
225. 
Phoephurelted  hydrogen,  226. 
Piano  fortes,  sound  of,-  496. 
Picture  reflects  light  when  varnish- 

ed,474 
Pie,  cup  in,  62. 

full  of  juice,  63. 
makes  it  boil  over,  63. 
Places  ronst  dangerous  in  a  thunder- 
storm, 20. 
Plan  to  absorb  carbonic  acid,  305 
bend  tnwnrds  the  glass,  825. 
carbon  gives  firmness  ti>,  305. 
grow  on  moonlight  nights,143. 
ott  of  walls,  518. 


I  Plants,  oxygen  of,  305. 

some,  close  their  leaves  before 

raia,  513. 
white,  when  kept  in  the  dark, 
481. 
Plaster  round  a  stove  cracks,  68. 

why,  58,  50. 
Plate  glass,  267. 

for  what  used,  267. 
ground,  267. 
wamers,  145, 146. 
Platuium,  182. 

used  for  crucibles,  183. 
delicate    instrii* 
ments,  182. 
Plumbago,  170. 

Pointed  lightning  conductors,  80. 
Poisons,  antidotes  for,  394. 
Poker  feels  colder  than  the  rug,  81. 
handle  hot,  78. 
laid  across  a  fire  revives  it,  78 
red-hot,  how  carried,  79. 
Polar  currents,  344. 
Pond,  sides  o(j  covered  with  leaves, 

503. 
Poor,  averse  to  ventilation.  300. 
Pop-gun  makes  a  report,  5x0, 
Porcelain,  268. 

how  long  baked,  269. 
of  what  composed,  968. 
Pores  of  wood,  47. 
Porous  wood  snaps,  47. 
Porter  darker  than  ale,  280. 
Positive  body,  lightning   proceeds 
from,  18. 
electricity,  18. 
Pot  of  water  in  a  saucepan,  110. 
Potassium,  183. 

and  water,  184. 
Potatoes  cooked,  how.  106. 

exposed  to  the  air,  greeny 

Primrose  is  yellow,  why,  478. 

Proof  spirit,  277. 

Proportions  of  the  air  not  destroyed, 

304. 
Prussia  acid,  antidote  for,  324. 
Pump  handle,  iron,  feels  intenne'y 
cold,  81. 
water  hard,  187, 188. 
Pupil  of  the  eye,  453. 

contracted,  483. 
Putrefaction,  286. 

compounds  produced  \j 

266. 
diflerenoe  between*  and 
fermentation,  966. 
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?Btrefketion  produees  carbonic  acid, 

810. 
Potr«fyiug  body  ofientive,  826, 867. 
fish  luminous,  825. 
sab^iancet,    gases   from, 
287. 
Patty,  loose  pieces  of,  electrified ,10. 

Q. 

Qoiidnipeds  swim  easily,  506. 
Qoiek'lime  absorbs  carbonic  acid, 
810. 
how  produced,  213. 

R. 

Radiation,  137. 

depends  on  roaghne8s.l38. 
hot  iron  cooled  by,  140 
of  fuel,  138 
Radiator  of  heat,  139. 

bright   metal,  bad 
141,  161. 
glaM  a  good,  403. 
Rail-way  train  over  a  bridge,  495. 
Rain,  338. 

a  j^siiig  cloud  often  drops, 

air  filled  with  odor  before, 

133,134 
cools  the  air,  125. 
does  not  ulwuys  fall  at  night, 

389. 
drops  sometimes  very  large, 

effect  of.  on  fallen  ]eaves,393. 
falls  iu  drops,  389. 

most  when,  388. 
haze  round  the  sun  indicates, 

367. 
horses  snuff  up  air  before,  134. 
less  in  summer  than  waiter, 

389. 
lightning  followed  by,  16. 
more  falls  by  night  than  day, 
393. 
in  winter  than  summer, 
393. 
purifies  the  air,  391. 
snow  and  hnil,  388. 
swallows  flv  low  before,  393. 
water  fertilizing,  388,  390. 
not  sail,  191. 
smells  badly,  190. 
soft,  189. 
wind    increases  the  size  of 
drops,  390. 
Rainbow,  cause  of,  465. 


Rainbow,  two  at  one  time,  466. 
colors  reversed,  467. 
Rainy  days,  most  when,  388. 
Rarefied  air  ascends,  66. 

a  bad  conductor  of  soiuid 

490. 
nourishes  fire  lesr  than 
cold,  840. 
Rarefaction  of  air,  66. 
Rarity  of  air  diminishes  sound,  494. 
Rats  and  mice,  remedy  for,  526. 
Rattling  made  by  boiling,  117. 
Ray  of  light  bent,  461. 

compo&ed    of    varioui 

colors,  477. 
divided,  464. 

by  a  prism,461. 
refraction  of,  465. 
Razor  dipped  in  hot  water,  56. 
Reading  aloud  creates  hunger,  312. 
Red,  accidental  color  of,  481. 
fire,  how  produced,  518, 
hot  poker,  how  carried,  79 
wick  kindled,  252. 
Reflection,  473. 

from  mirror,  474 
of  heat,  144. 

light,  429,  473. 
line  of,  435. 
Reflectors  of  heat,  145. 

not  absorbers,  145. 
of  polished  metal, 

145,  146. 
should  be  bright,  147. 
tin,  keep  the  kitchen  cool, 
147. 
Refraction,  461. 
Refrangible  rays,  361. 
Region  of  calms,  315. 
Remedy  for  a  smoky  chimney,  •>. 
Rennet  curdles  milk,  319. 
Retina  of  the  eye,  452. 
Returning  stroke,  17. 
Rising  sun  in  summer  causes  a 

breeze,  352. 
River  appears  shallow,  463. 

bottom  of,  never  frozen,  410. 
ice  of,  of  unequal  tliickuesa. 
419. 
on,  417. 
not  frozen  solid,  418. 
sides  of;  192. 

vegetation  on  margin  of,  504. 
water  freezes  at  the  surface 
of,  first,  418 
of  feels  warm  in  win* 
ter,  419. 
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Roasted  appi »  split,  45. 

made  soft.  46. 
chestnuts  crack,  44. 
Rocks  bad  radiators,  %2. 

often  split  in  winter,  414. 
Rolling  thunder,  cause  of,  41. 
Room,  close,  unhenlthy,  206. 
hot,  quickly  cooled,  65. 
separated  by  curtains,  124. 
sprinkling  a  hot,  cools  it,  124. 
vapor  of,  401, 404. 
void  of  air  in,  supplied,  63. 
warmed  by  a  stove,  87. 
warmer  than  the  open  air,  63 
with  curtains,  91. 
double  doors,  91. 
with  two  fires,  72. 
Rose  is  red,  why,  477. 
Rotation  of  the  earth,  336. 

affects  the  air, 
337. 
Rotting  leaves  hot,  215. 

promote  cold,  127. 
Rotundity  of  the  earth,  451. 
Rubbing  the  body  warms  it,  166. 
Running  makes  us  warm,  302. 
water,  191. 

a  good  conductor,  21. 
freezes  slowly,  4 18. 
ice  of,  rough,  419. 
pure,  290. 
Rash  light  extinguished,  257. 

by  a  pin,  260. 
Rast,  175. 

^ease  prevents,  177. 

iron,  176. 

paint  prevents,  177. 

S. 

Safest  place  in  a  storm,  25. 

way  to  travel  in  a  thunder 
storm,  26. 
Sjifetylnmp,221,222. 
B-iilors  wet  with  sea- water,  123. 
Balad  oil,  323. 

Bnl-aeratus  makes  cakes  light,  212. 
Bait  and  snow  colder  than  snow, 
422,  425. 
beef  produces  scurvy,  296. 
blackens  silver,  181. 

how  removed, 
181. 
crackles,  137. 
dusolvesice,  421. 
moisture  of  air  dissolves,  190. 
preserves  meat,  294. 
Wftter,  188. 


Salted  meat  leis  nutritious  than  fresh, 

293. 
Sands  of  difieitnt  colors  mix,  35. 

do  not  com- 
bine, 36. 
Saucepan,  bottom  of,  covered  wita 
soot,  160. 
lid  bright,  159. 
old,  boils  soon,  159. 
Savages  pl#n  to  detect  the  appxoftrb 

of  an  enemy,  486. 
Scurvy,  lime  juice  a  cure  for,  896. 
produced  by  salt  be<  f,  296. 
v^etabies  a  remedy  for,296. 
Sea  breeze  cause  of,  353. 
cool,  354. 
health jr,  353. 
in  tropical  islands,  352 
evaporation  of,  340. 

fulls,  394. 
eaves  before  a  storm,  491. 
luminous.  226. 
motion  or,  311. 
water  brackish,  191. 

clothes  wet  with,  130. 
easy  to  swim  in,  505. 
rarely  frozen,  420. 
waves,  354. 
Sensation  of  heat  produced,  8. 
Shadow  of  the  moon,  475. 

size  of,  445. 
Shallow  water  soon  freezes^  419. 
Shavings  non-conductor  or   sound, 

492. 
Shear  steel,  263. 
Shell  of  a  stale  egg  warm,  90. 
Sheet  lightning,  16. 

tin,  262. 
Sheets  damp^  123. 
Ship  in  the  air,  459. 
inverted,  459. 

seen  below  the  horizon,  470 
Shock,  electric  fell  at  the  elbow 

joint,  30. 
Shoes,  dusty,  hot,  149. 
Shrubs  liable  to  be  frost-bitten,  144 
Shutter,  unsafe  to  bar,  in  a  storm,  24 . 
Sick  persons  eat  dry  toa^t,  198. 

why,  199. 
room  kept  free  from  efQvxia, 
515. 
Sides  of  a  river,  192. 
Silver  coins  of  United  S  3tei.  264. 
German,  264. 
salt  blackens,  181. 

how  removed,  181 
■poqn  hot,  97. 
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BilTer  tarnishes,  180. 

by  egg,  525. 
Simmering,  what,  tl4. 
Singing  produces  hanger,  314. 
Sir  Humphrey  Davy,  221. 
Sizeofcloads,  358. 
Sky  blue,  why,  480. 

covered  with  clouds,  474. 
Sleep,  319. 

no  will  in,  316. 
prevents  our  seeing,  315. 
feeling,  316. 
hearing,  316. 
tasting,  316. 
Sleet  305. 
Smoke,  67.231. 

and  steam  cnri,  68. 
ascends  a  chimney,  50,  68. 
falls  before  rain,  134. 
in  cooking,  160, 161. 
lamp  glass  lessens  the,  247. 
little,  with  a  red  hot  fire,  232. 
more  when  fuel  is  added,  231. 
of  a  candle,  260. 
prevented,  how,  72. 
why  do  lamps,  246. 

not  Argand  lamps, 
247. 
Smoky  chimneys,  68. 

remedy  for,  60. 
Smooth  surfaces  reflect  light  best, 

476. 
transmit  sound 
486. 
Smouldering  wick  rekindled,  251. 
Snow,  395. 

a  bad  conductor  of  heat,  94, 

396. 
and  sugar  while,  479. 
cause  of,  395. 
falU  in  winter,  395. 
keeps  the  earth  warm,  396. 
like  wool,  94,  396. 
melts  near  a  wall,  140. 
none  in  summer,  397. 
nourishes  the  earth,  397. 
salt  and  snow  colder  than, 
422.  ' 

some  mountains  covered 

with,  397. 
use  of,  395. 
warm,  397. 
white,  398. 
Soap,  189,  320. 

babbles,  color  of,  468. 

thickness  of,  469. 
destroys  grease,  323. 


Soap  destroys  pnint,  320. 
Soapy  water  lathers,  321. 
Soda  water,  217,218. 
Sodium,  183. 

and  water,  184. 
Soft  water  suitable  f<»r  washing,  IW) 
Soil  hard  in  dry  weather,  128. 
Solder,  common,  266. 
Soldiers,  column  of,  marching  to  mu 

sic,  495. 
Solid  substances,  108. 
Some  things  colder  than  others,  79. 
Sonorous  bodies,  485. 
Soot,  kettle  covered  with,  155. 

parlor  smells  of  in  summer,  77 
Sorrel  removes  ink  spot^^,  527. 
Soachong  tea  poisons  flies,'  3*26. 
Sound,  485. 

heard  better  by  night  than 
day,  492. 
in  clear  wea- 
ther, 489. 
through  wa- 
ter, 494. 
loud  in  caves, 

493. 
near  the  poles, 

490. 
not  distinct  in 
hot  weather, 
490. 
produced, 

how,  485. 
travels  at 
what  rate, 
485. 
Sour  milk  curdles,  319. 
South  winds  generally  warm,  351. 
Soup  keeps  hot,  102. 
Sparks  of  fire  burst  from  wood,  47. 

crackle,  47. 
Spectacles,  black  glass  for,  483. 
Spirit,  above  and  below  proof,  277. 
proof,  277. 

what  wines  contain  the  roost, 
277. 
Sponge,  516. 

wet,  cleans  a  slate,  517 
swells,  391. 
Spontaneous  combustion,  248. 

cause  of, 
248. 
Spoon  in  water  bent,  462. 

tarnishes  sooner  than  bullion,  181. 
Spring  water  cool  in  summer,  94. 

sparkles,  211. 
Springs  prevent  lakes  freezing,  121 
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Sprinkling  a  hot  ronm  cools  it,  124. 
Stagnant  water  full  of  worms,  290. 

putrefies,  290. 
Stale  boiled  eggs  offensive,  287. 
Btarnti  adhesive,  129. 

glaz?B  linen,  523. 
keepji  water  hot,  103. 
stinens  linen.  5'^. 
6{er»j  moon  seems  larger  than,  448. 
more  visible  from  a  mountain, 

442. 
not  visible  in  the  day-time, 

433. 
reflection  of,  in  a  well.  440. 
Been  from  the  bottom  or  a  well 

in  the  day,  433. 
twinkle,  471,  473. 
Bumration,  efiects  of,  315. 

produces  madness,  315. 
States,  mnny  of  them,  warmer,  125. 
Bleam  burns  severely,  210. 
condensed,  109, 118. 
dispersed,  118. 
engines  burst,  110. 
invisible,  109,  118. 

from    kettle   spout, 
109 
liquids  converted  into,  100,100 
Stearine,  321. 

Steel  affected  by  lightning,  38. 
flint  struck  against.  163. 
hard  and  brittle,  262. 
lilac,  178. 

free  from  rust,  179 
made  from  iron,  263. 
shear,  263. 
Stethoscope,  493. 

Stone  hearth  feels  colder  than  tbe 
carpet,  82. 
a  good  conductor  of 
heat,  82. 
snaps  in  the  fire,  48. 
nnsuilnble  for  fuel,  198. 
Stoneware,  270. 

glazed,  how,  270. 
Stopper  of  a  decanter  sticks,  59. 

smelling  bottle  sticks,  60. 
Storm,  attics  and  cellars  unsafe  in  a 
thunder,  23. 
carriage  in  n  thunder,  20. 
density  of  air  previous  to,  331. 
fire  dangerous  in  a  thunder,  23 
middle  story  safest  in  a  thun- 
der, 26,  27. 
oppression  felt  previous  to,  331 
part  of  a  house  safest  m  a 
thunder,  26. 

47 


Storm,  part  of  a  house  dangerous  in  a 
thunder,  22. 
places  dangeroof  in  a  thun- 
der, 20. 
safest  place  in  a  thunder,  25. 
to  be  wt^t  in  a  thunder, 

28. 
way  to  travel  in  a  thun- 
der, 26. 
theatre  unsafe  in  a  thunder,  24. 
thunder,  follows  dry  weather, 
42. 

preceded  by  hot  wea- 
ther, 42. 
rarely    follows   wet 
weather.  42. 
unsafe  to  bar  a  shutter  in  a 
thunder,  24. 
be  in  a  crowd  in, 

24. 
lean  against  a  wall 


m,  23. 


in,  22, 


ring  bells 

run  or  drive  fast  in 
22. 
Tapor  increases  the  danger  in, 
24. 
Stove,  blackened^  178, 

crackles  with  a  hot  fire,  57. 

when  cooling,  58. 
flue  connected  with  snould  be 

black,  140. 
plaster  round  cracks,  58, 59. 
room  warmed  by,  87. 
rusty,  177. 
should  be  iron,  99. 

placed  near  the  floor 
67. 
Stratus  clouds,  370,  371. 
Straw,  bricklayers  cover  their  wo:  k 
with,  424. 
delicate  trees  covered  with, 

424. 
ice  bourses  lined  with,  06. 
in  a  barrel  of  liquor,  511. 
water  pipes  covertKl  with,  421 
Street,  houses  in,  446. 

seem  smaller  in  the 
distance,  447. 
Striking  iron  makes  it  red  hotj^03. 
Strings  flat  when  unstrung,  499. 
Stucco  peels  in  frosty  weather  2423- 
Substances,  all,  radiate  heat,  19S. 
are  gaseous,  108. 
liquid,  10«». 
solid,  ]''i'. 
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Babetaiiees  which  radiate  heat  ab- 
sorb it,  139. 
Sodden  change  of  temperature,  352. 
Bttgar,  272. 

and  salt  retard  boiling;  119. 
a  vegetable  substance,  272. 
fermentnlion  of.  275. 
flavors  water,  100. 
forms  alcohol,  276. 

carbonic  acid,  270. 
from  the  sui^r  cane,  273. 
rrape,  274,  275. 
how  obtained,  273. 

refined,  273. 
loaf,  274. 

long  in  melting,  503. 

lamp  of,  in  tea,  512. 

Sulphur,    powdered,  will    quench 

fire,  245. 
Sulphuric  acid  and  water,  112. 
Summer  lightning,  17. 
Sun  and  moon,  magnitude  of,  458. 
stare  appear  flat  surfaces, 
449. 
appears  large  in  the  honzon,443. 
does  not  heat  the  air,  3*28. 
fades  artificial  colors,  481 
ground  hardened  by,  128. 
heat  of,  7. 
ice  melted  by,  136. 
red  in  a  fog,  470. 
rise  gray  or  red,  366. 
red,  365. 

indicates  rain,  365. 
light  on  water,  441. 
reflection  of,  in  a  well,  439. 
set  coppery  yellow,  364. 
gray  iiidicaiea  rain,  366. 
re<«,  363. 

indication  of  a  fine  day, 
364. 
yellow  indicates  rain,  365. 
Bunshine  detrimental  to  combustion, 

7,  240. 
But  faces,  some  brilliant  others  dull, 

428. 
Swallows  fly  low  before  rain,  393. 
Swans  and  duoks  dive,  387. 
Sweet- wort, effect  of  yeast  upon,280. 

T. 

Taint  of  meat  removed,  289,  290, 

317. 
Tallow,  198. 

of  a  candle  decomposed,  253. 
Tamarinds  sour,  819. 
Tannic  acid,  318. 


Turtarie  acid,  319. 

Taste,  power  of,  317 

Tea,  green,  unwholesome,  3M. 

Tea,  not,  cooled  by  stirring,  105. 

faster  in  a  sane«r 
129. 
pot  of  black  earthen.  141, 142. 

polished  metal,  141. 
Souchonir  pt>i8ons  flies,  3'X. 
Telescopes,  451. 

use  of,  450. 
Temperature  of  Islands,  150, 151. 
the  liody,  84, 123. 
reduced    by    evapora- 
tion, 124 
Thaumatrope,  460. 
Theatre  unsafe  in  a  storm,  24. 
Thermometer,  333. 

mercury  rises  in,  65 
Thickness  of  clouds,  358. 
Thunder  a  deep  growl,  40. 

an  irregular  mar,  39. 
bolts  never  drop  from  th<! 

clouds.  41. 
cause  of  rolling,  41. 
cloud,  a  man  may  discharge 

22. 
distance  of  clouds  told,  4(1 

42. 
mountains  affect,  40. 
one  vast  crash,  39. 
sound  of,  afl"ected  by  locali 
ties,  40. 
follows  the 
flash,  41. 
storm,  attics  and  cellars  un- 
safe in,  23. 
carriage  in,  26. 
crowd  unsafe  in,  24. 
fire  dangerous  in,  23. 
follows  dry  weather,  4*2. 
wet  weather  rat©. 
ly,  42. 
middle  story  safest  in,  26, 

27 
part  of  a  house  safesl  iji.20 
dangerous 
in,  22. 
places  dangerou.*  in,  20. 
preceded  by  tiot  weather  ,42 
Thunder  storm,  safest  place  in,  2d. 

w^ay  to  iruvei 

in,  2(). 
to  he  wet   ill. 
^ '  28. 

"  theatre  unsate  in,24. 

to  bar  a  shutter  un* 
lafe  in,  24 
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Thandei  itorni,  to  lean  against  a 

wall  luiHate  in«  23. 

unsafe  to  ring  bells 

in,  22,  23. 

run  or  drive 

fast  in,  22. 

vapor  increases  the 

danger  in,  24. 

Tigers  see  in  the  dark,  431. 

prowl  by  night  for  prey,  432. 
Timbers  charred,  198. 
Tin,  block,  262. 

foot  warmers  covered  with 
flannel,  98. 
polished,  98,140. 
reflector,  147. 
sheet,  262. 
Tinder  catches  fire,  168. 

supplied  with  oxygen,  163, 
164. 
Tire  heatfd  red  hot,  57. 

shrinks  on  cooling,  57. 
Tomb-8lont>8,  frost  on,  157. 
Top  of  walking-sticks,  523. 
Tt>ugh  meat,  293. 

the  flesh  of  old  animals,  293. 
Trade  winds,  342, 343, 015,  316. 

of  (he  Indian  Ocean, 

317. 
why  so  called,  342. 
Train  oil,  Eft^uimaux  fond  of,  309. 
TranamUsion  <».'  sound,  485. 
Transparency,  cause  of,  472. 
Tree,  bark  of,  torn  by  lighming,  33. 
broken  by  lightnings,  30. 
conductor  of  lightning,  25. 
ligntning  runs  down,  31. 
man  a  belter  conductor  than, 

33. 
scorched  by  lightning,  17. 
Trees,  avenue  o(f  445. 

seem  to  approach 
in  the  distance,  446. 
covered  with  straw,  4^. 
render  the  oir  wholesome, 
206. 
Tropical  island:*,  sen  breeze  in,  352. 
subject  to  a  land 
breeze,  354. 
1  nrpentine  extracts  grease,  321. 
Twilight,  470. 

U. 

UnJulutionsof  the  air,  45. 
(Tnfte.'iiwined  w<NMi  soon  decays,  291. 
Uniikillful  swimmers  sink,  506. 
Use  i>f  chimney-pots,  77. 


'•  Use  of  clothing,  88. 

lightning  conductorsi  29. 
Uses  of  oxygen,  175. 

V. 

Vacuum  filled,  62. 

partial,  62. 
Valley,  house  in,  smokes,  73. 

covered  with  dew,  379. 
Vapor,  409. 

a  conductor,  24. 

cold  air  condenses,  134. 

condensed,    refracts    ye.Icw 

rays,  361. 
invif>ible,  118. 
of  a  room,  401,  404. 
the  air,  399. 

sea  not  salt,  129. 
removed  by  evaporation,  UiS. 
nncondensed,    refracts   red 
rays,  364. 
Vaporization,  131. 

and  evaporation,  dif 
;  ference,  132. 

(  Varnished  picture  reflects  light,474 
V^etable  life  dependent  on  animal, 

Velocity  of  clouds,  355. 
I  wind,  355. 

!  Vent  peg  of  a  beer  ca^k,  509. 
I  Ventilation,  60. 

of  a  room,  65. 

mines,  t6. 
poor  averbe  to,  300. 
Verdigris,  antidote  for,  326. 
Vertical  rays,  337. 
Vessels,  capillary,  297. 

combustion  in,  296. 
throughout   the 
body,  297. 
Vestry  chim'  eys  smoke,  73. 
Vibrations    lecessnry   to   produce 
sound, 497. 
number   of   appreciated. 

497. 
which  soonest  heard,  39. 
Vinegar  soar,  320. 
Violet,  accidental  color  of,  483. 

is  blue,  why,  477. 
Vision,  how  produced,  453. 

the  eye  the  seat  of,  452. 
Void  of  air  in  a  room  supplied,  63. 
Volatile  oils,  321. 

W. 

Walls  of  a  house  damp  in  a  thavr, 
404, 40A. 
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Walls  aiMufe  to  lean  against  in  a 
storm,  23. 

Warm,  breathing  rapidly  makes  ns, 
303. 
ilaimei  keeps  ns,  301. 
ninning  makes  us,  302. 

Warmer  in  a  frost  than  in  a  thaw, 
421. 

Wannth,  belts  of  trees  promote,  126. 
cultivation  increases,  120. 
draining  of  land  promotes, 
126. 

hedges  promote,  1*26 
of  many  of  the  States,  125. 
Water,  187. 

a  bad  conductor,  86, 101. 
a  better  conductor  than  air, 

85. 
aerated,  217. 
a  little,  makes  a  fire  bum, 

243,  244. 
and  air  rot  wood,  528 
potassium,  184. 
lime  combine,  36. 
sulphuric  acid,  112. 
wine  casks  charred,  199. 
boiled,  flat,  211. 
boiling,  bubbles,  116. 

heat  of  consumed, 136. 
in  a  ferment,  100. 
liept  on  the  fire,  102. 
swells,  115. 
bottle  of,  wetted  with  ether, 

424. 
burnt  bread  purifies,  109. 
carbonic  acid  of,  214. 

forced  into,  216 
renders, 
acid,  210. 
cleans  linen,  18  ■ 
clothes  wet  wi  i  sea,  123, 

130. 
converted  into  steam,    102, 

131. 
currents  of,  100. 
curtains  sprinkled  with,  124. 
depth  of,    retards   freezing, 

420. 
drop  of,  rolls  over  hot  iron, 

134,  135. 
ether  allays  heat  better  than, 

121. 
expanded,  117. 
ez^iands  from  cold,  416. 
heaC>415. 
sxtinguishes  a  fire,  243,  244. 


Water,  fluid,  187. 

freezes  first  at  the  surface  of 
rivers,  418. 
sooner  when  exposed, 
131. 
than  milky  513. 
fresh,  sparkles.  '214. 
fuel  for  fire,  243. 
hard,  agreeable  to  drink,  214 
exposed  to  the  air,  211 
made  soft  by  ashes,  190. 
unsuitable  for  washing, 
188. 
heat  separates,  115. 
hot,  breaks  glass,  55. 

china  cup  broken  by,  55. 
iron  converts,  into  steam, 

132,133. 
melts  sugar,  191. 
soon  freezes,  108. 
how  heated,  100. 
hydrogen  and,  184. 
iniage  in,  inverted,  437, 438. 
rain,  not  salt,  191. 

smells  brauily,  190. 
soft,  189. 
razor  dipped  in  hot,  56. 
runniijg,  191. 

pure,  290. 
runs  out  of  the  kettle  spout, 

117. 
salt,  188. 

sea,  brackish,  191. 
latent  heat  in,  111. 
lees  subtile  than  air,  86. 
melts  salt,  504. 

sugar,  504 . 
milk  boils  sooner  than,  107. 
not  so  hot  as  land,  310.  - 
of  a  river  feels  warm  in  win 

ter,  419. 
oil  prevents  freezing,  96. 
nariiclesof  hot,  ascends,  101. 
pipes  burst  in  frosty  wea- 
ther, 415. 
ponds  of,  evaporated,  127. 
pot  of,  in  a  saucepan,  119. 
produces  a  sensation  of  co  d^ 

85. 
pump,  hard,  187,  188 
shallow,  soon  freezes,  419. 
spilled  on  a  table  cloth,  505 


simmers,  113. 


soapy,  lathers,  321. 

soda.  217,  218. 

sodium  and,  184. 

soA  suitable  for  washing,  190. 
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Water,  spring,  cool  in  summer,  94. 
sparkles,  211. 
stagnant  putrefies,  290. 

full  of  worms,  290. 
Watering  the  streets  cools  them,  124. 
Wax  19B. 

melted,  hard  when  cold,  107. 
softened  by  heat.  136. 
Waxing  thread  strengthens  it,  522. 
West  winds  in  Atlantic  States  gene- 
rally dry,  350. 
Wet  clothes  conduct  lightning,  28. 
give  OS  cold,  122. 
ui  a  thunder  storm,  28. 
earth  promotes  evaporation,124. 
feet  cold,  122. 
finger  feels  cold,  121. 
kindling  will  not  light  a  fire, 

235. 
summer,  125. 
weather  oppressive,  368. 

rarely  precedes  thun- 
der storms.  ^X 
wheels,  128. 
\Vheel8  constantly  wet.  ,28. 
NVbite,  accidental  color  of,  483. 
dress  ci>ol,  148. 
fire,  how  produced,  518. 
lead,  263. 

of  eg?  clarifies  cofiee,  528. 
skin  blisters,  158. 
Wick,  candle,  221 

Umg  bent,  259. 
red  hot  kindled.  252. 
smouldering,  rekindled,  251. 
Will-o'-the-wisp,  '226. 

flies  from  us,  227. 

Wind,  336. 

accelerates  evaporation,  125. 

against  the  sides  of  a  chim- 
ney, 74. 

always  in  motion,  336. 

cause  of,  336. 

changes  of,  affect  clouds,  357. 

chmds  affect  the,  342. 

cold,  154. 

course  of,  342. 

dissipates  fog,  411 

does  not  always  blow  one 
way,  339. 

dries  damp  linen,  350. 

expansion  of  air,  causes,  349. 

forests  prevent  the  access  of, 
126. 

generally  cold,  355. 
ills  and  mountains  affect,339. 
in  the  chimney,  51. 

47* 


Wind,  lightning  followed  by,  16. 
linen  dried  by,  125. 
ocean  affects  the,  340. 
sometimes  brings  rain,  353. 
velocity  of,  355. 

Winds  absorb  clouds,  359,  360. 
blow  regularly,  342. 
up  clouds,  363. 
change  the  .shape  of  rdoudSi 

360. 
drive  away  clouds,  363. 
dry,  341. 
increase  the  bulk  of  clouds, 

360. 
north,  generally  cold,  351. 
dry,  351. 
south,  {generally  warm,  351. 
west,  ui  Atlantic  states  dry, 

350. 
which  blow  over  water  rainy, 

351. 

Windy  weather  cold,  90, 
Wind-mill,  sails  of,  512. 
Window  blazes  at  sun-set,  438. 

glazier  mending,  10. 

rattling  of,  486. 

reflects  nonn-day  sun,  438. 

Wine  casks,  old,  offensive,  318. 
stain  removed,  522. 
turns  sour,  why,  320. 
Wire  gauze,   flame  will  not  pass 

through,  222. 
Wisdom  of  God  manifested,  91,  93, 

128.  JM8,  380,  382,  417,  422. 
Wood,  bad  conductor  of  heat,  80. 
Dlnzea  when  very  near   the 

fire,  244. 
burns  longer  than  paper,  234. 
decay  of,  2 12. 

prevented,  291. 
decomposed  by  heat,  137. 
dry  burns  better  than  green, 
48,235. 
snaps  more  than  green,  48. 
green  snaps  little,  48. 
Talent  heat  developed   from, 

165. 
paint  preserves,  97. 
paper  burns  more  readily  than 

233. 
pores  of  47. 
porous  snaps,  47. 
seasoned,  how,  291. 
sparks  of  fire  burst  from,  47. 
two  pieces  burn  belter  than 
one,  236. 
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V  ond,  on*fH»(itied,  toon  dec^jtJtSl. 

V  uol,  nir  bei\v«>en  the  fibres  or,  89. 

warm,  306. 

Wotilen  cnrp«t  a  bad  conductor  of 
heni,  P2. 
kcitle  holder,  05. 
prevent*  heat  from  eecap- 

ing.es. 
UMd  for  clothing,  67. 

Work  produces  hunger,  312,  313. 

WorM  oondnctors  of  heat,  60. 


Y. 

Tesst,  879. 

converts  nudt  into  beer.  fiO. 
effecUi  of  npiin  doagk,  9B3. 

sweet  wnn  JS8 
in  grape  juice,  nnt  necflfaU 

278. 
used  in  brewing,  wbf , : 
Tellow  flame  bright,  S51. 

Z. 

'  Zif -lag  lightning,  16. 
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TRATF.D  by  a  copious    COLLKCTION  of  FXAMPLR8. 

Desit^ufff  for  fhf  wv/-  of  SCHOOT.fi  r/j."/  rOLF.EGES. 
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y;;^  Teachers,  School  Committees,  and  ai!  others  interested  m  th^ 
eause  of  Education,  are  respectfully  invited  to  give  this  series  of 
School  Books  nn  examination.  They  possess  decided  advantages  over 
any  other  works  ever  issued  in  this  country.  They  are  well  got  up,  on 
good  paper,  clear  type,  substantially  bound,  and  are  published  at 
remarkably  low  prices.  Copies  of  the  works  will  be  cheerfally  fur- 
nished for  examiuation  on  application  to  the  publishers. 


PETERSON'S 

FAMILIAR    SCIENCE; 

OR 

9l)e  0(tentiBc  (Sjrplanation  of  (iEommon  Sijings. 

Edited  bt  R.  E.  PETERSON, 

Member  of  the  Academy  of  Natural  Sde^ess,  Philadelphia. 

One  vol.   12 mo.,  best  edition,  good  substantial  binding,  fine 
white  paper,  558  pages.     Price  75  cents. 

Common  School  JEditiout  neat  bindingt  40  cents. 


The  object  of  this  book  is  to  explain  scientifically,  but  in  the 
simple^^t  langiiai^e,  over  two  thousand  questions  of  the  commonebl 
phenomena  of  Iffe,  similar  to  those  which  are  subjoined. 

Why  does  dew  lie     ore  pientifally 


Why  does  lightning  turn  milk  and 
beer  snur  ? 

Why  does  fire  produce  light  and 
heat? 

Why  will  not  wet  fuel  kindle  a  fire  ? 

Why  is  tlnine  yellow  ? 

Why  does  the  sun,  shining  on  a  fire, 
innke  if  dull,  and  often  put  it  out  ? 

Why  (In  h  lysticks  sornetinnes  c.ilch 
fire  of  iheinsplves  ? 

Why  do  •  hiinne*.  s  stnoke  ? 

How  crin  the  evil  be  remedied  ? 

Why  does  hard  work  produce  hun- 
ger? 

Why  does  a  tea-kettle  sing? 

Why  is  a  grey  morning  ;i  sign  of  a 
fine  day  ? 


and 


on  grass  than  on  gravel  ? 
Why   are    countrymen    ruddy 

citizens  pale  ? 
Why  does  lead  turn  dull  in  the  open 


air 


Why  is  mortar  adhesive  j  and  why 
does  it  b.ecomebard? 

Why  is  snow  white? 

Why  does  salt  dissolve  ice? 

Why  is  n  rose  red — a  violet  Clue- 
coals  hlnck — leaves  green— salt, 
sugar,  froth  &c  ,  white — potatoes 
yellow,  autumnal  tinti  brown  ? 

Why  do  fiddle  strings,  drums,  flutes, 
&c  ,  give  musical  sounds?' 

Why  is  a  dew-drop  round  ? 


Why  is  a  grey  sunset  a  sign  of  wet  ? ;  Why  are  morning  and  evening  clouds 
Why  is  liiien  colder  thin  cotton  ?      I     streaked  with  red  and  yellow  ' 
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We  make  the  following  ej^lract  from  the  preface  to  the  work  : 
*'No  science  is  more  generally  interesting  than  that  which 
explains  the  common  phenomena  of  life.  We  see  that  salt  and 
euow  are  both  white,  a  rose  retl,  leaves  green,  and  the  violet  a 
deep  purple,  but  how  few  persons  ever  a^^k  the  reason  why!  We 
know  that  a  flute  produces  a  musical  sound,  and  a  cracked  bell  a 
dif*cordant  one — thai  fire  is  hot,  ice  cold,  and  a  candle  Inminou* — 
that  waler  boiU  when  subjected  to  heat,  and  freezes  from  cold; 
but  "When  a  child  looks  up  into  our  face  and  asks  us  *  why' — how 
many  times  it  is  silenced  with  a  frown,  or  called  '  verv  foolish  for 
asking  such  silly  questions!' "  *  .*  ''This  book,  intended  for 
(he  use  of  families  and  schools,  explains  about  two  thousand  of 
these  questions,  and  is  written  in  language  so  plain  as  to  be  under- 
stood by  all." 

Over"  40,000  copies  of  this  work  have  been  sold.  It  is  intro- 
duced into  the  public  and  private  schools  of  New  York,  Philadel- 
phia, Baltimore,  Brooklyn,  Cincinnati,  Richmond,  Charleston, 
S.  C,  Natchez,  New  Orleans,  and  la  fact  wherever  it  has  been 
brought  to  the  notice  of  teachers  it  has  been  adopted. 


ttention  is   partiaularly  invited  to  the  following  high 
opinions  of  the  work. 

From  Professor.  Jamea  C.  Booth,  A.  M.,  M.  A.  P.  S.:  Anthor  of  tho 
Encyclopecdia  of  Chemistry ;  Melter  and  Refiner  in  the  United  Statei 
Mint;  Professor  of  Applied  Chemistry  in  the  Franklin  Institute. 

Analytical  Laboratort,  College  Avenue,  ) 
Philadelphia,  July  3,  1851.  { 
Dear  Sir— I  have  examined  "  Famjliar  Science"  with  some 
care,  and  must  express  a  hearty  approval  of  the  manner  in  which 
the  most  "common  things"  of  life  are  familiarly  and  clearly 
explained,  without  sacrificing  the  correctness  of  science.  Em- 
bracing such  questions  as  are  usually  put  by  the  developing  mind 
of  children,  with  clear  and  precise  atiswers,  it  will  relieve  parents 
and  teachers  of  the  unhappy  necessity  of  crushing  vouthful  in- 
quiry, while  it  will  tend  to  nourish  a  spirit  of  rejection  and 
invest i<rution  in  young  and  old.  I  commend  it  as  a  valuable  cate- 
ohi>m  for  schools,  and  for  amusement  and  instruction  at  the  firfr* 
side. 

Respectfully  yours, 

JAMES  C.  BOOTH. 
Mr.  R.  E.  Peterson,  Philadelphia. 

From  Professor  W.  H.  Allen.  President  of  Girard  College. 

GiRARD  Collroe,  May  6,  1851. 

Robert  E.  Peterson. — Dear  Sir — I  beg  leave  to  tender  my 

!hntik>   for   vour  courtesy  in   sending  me  a  copy  of  "Familiar 

Scie-nce."    1   have  read  parts  of  each  division  of  the  work,  and 

have  l)een  pleased  witb  the  precision  o(  the  questions,  4Dd  the 


accuracy  of  the  answers.  The  boolq  is  not  merely  a  ▼olume  of 
familiar  knovrledge^  but  a  volume  in  which  much  rare  and 
profoinid  knowledge  t'.t  fTiarf*  yjzmtVmr  to  the  common  mind  and 
applit'd  to  common  things.  I  consider  the  book  a  valuable  contri- 
bution io  our  means  of  instruction  in  schools,  and  hope  to  see  it 
generally  introdutred  and  used  by  teacher*.  Fathers  of  families 
al>o,  wlio  are  now  frequently  puzzled  by  the  questions  of  the 
young  philosophers  of  their  households,  will  do  well  to  procure  a 
copy  and  avoid  saying  so  often — "  I  do  not  know," 

I  am  truly  yours,  etc., 

WM.  H.  ALLEN. 


From  Mrs.  Phelps,  favorably  known  as  the  author  of  variomi  popnlai 
school  books  on  Chemistry,  J^otany,  Philosophy,  Geology,  etc.  etc. 

Mr.  Peterson. — Sir — In  thanking  you  for  the  book  called 
"Familiur  Science,*'  permit  me  to  express  the  satisfaction  with 
which  it  is  received  by  myself  and  the  teachers  and  pupils  of  this 
institution.  Having  labored  for  many  years  to  render  science 
familiar,  I  am  gUuI  to  meet  with  this  unpretending  assistant.  It  is 
recommended  by  the  fact  that  if  adopted  in  a  school,  it  will 
crowd  out  no  other  book,  since  it  is  sui  generis,  and  may  be 
studied  as  an  amusement. 

"^^ith  resnect 

ALMIRA  LINCOLN  PHELPS, 
Patapsco  Institute,  near  EUicot's  Mills,  Md 


From   the   Rev.  J.  P.  Durbin,  D.  D.,  late  President  of  Dickinson 

College.  * 

Mr.  R.  E.  Peterson. — Dear  Sir — Upon  returning  to  the  city, 
after  long  absence,  I  found  the  excellent  volume  entitled  "Fami- 
liar Science,"  which  you  did  me  the  honor  to  send  me.  I  have 
read  in  it  with  great  pleasure,  and  have  observed  two  prominent 
excellencies  in  it;  the  one,  its  perspecuily  in  presenting  valuable 
and  olfon  abstruse  ("acts,  in  so  clear  a  light  as  to  be  easily  compre- 
hended I)y  the  ordinarily  inquiring  and  educated  mind;  the  other, 
these  facts  a'e  so  presented  and  explained,  as  to  be  in  accoi dance 
with  our  holy  Chrislianiiy,  as  recorded  in  the  Bible,  and  experi- 
enced and  taught  in  th«  Church.  This  Christian  aspect  of  the 
volume  is  not  doubtful  or  cautious,  but  is  clear  and  candid,  a 
specimen  of  which  may  be  seen  in  the  questions  and  answers  on 
dew,  in  communion  with  the  miracles  o(  Gideon,  as  recorded  in 
the  fifth  chapter  of  the  Book  of  Jtidges.  1  consider  the  volume  a 
valuable  accession  to  Christian  scientific  literature,  and  worthy  a 
place  in  every  family  and  in  every  academy  or  school. 

Very'  respectfully, 

J.  P.  DURBIN. 


From  the  Rev.  Father  Soaria. 

Philadelphia,  July  4,  1S51,  I 
^T.  John's  Cathedral.      J 
Dear  Sir — I  comply  mo«t  wjiiinsly  With  yinir  reque^i,  though 
Bfter    ihe    high    aud  well-tie-HfrveJ   pra;>e    \vh  '.a    y-ur   va.ituw-'.' 
work  has  already  received,  furluer  cninmenJali-in  WotiM  a;fp«'ar 
unnecessary 

An  dxauiinatioQ  of  its  conlenis  will  >a!i-ry  evtrry  in:ci.it'«riil 
reader  that  it  is  a  treasure  of  various,  uxrfu:  aud  en;eriaiii:<>:; 
knowledge,  well  calctiiated  to  promote  oi:e  oi  the  chief  [i:jr(i»-i- 
of  tru9  education,  viz.,  to  make  u>  mure  famiiar  w.lii  ino^e 
works  of  God  (>o  often  full  of  .lingular  beauty  and  power  when. 
seemmgly,  most  common)  in  the  midst  of  which  "we  live,  auci 
move,  and  have  our  being."  It  will  afford  me  much  pleasure  lo 
aid  in  its  circulation. 

Respectfully,  your  obedient  servant, 

EDW.  J.  SOCJRIN 
R.  £.  Peterson,  Esq. 

Letters  speaking  in  the  highest  terms  of  the  work  have  al»o  Ijeen 
received  from  the  Right  Rev.  Biahop  Potter,  Rev.  Lvman  Cole- 
man, D.  D.,  Principal  of  the  Pre^bylerian  In>!itule,  i  biladelphia, 
T.  S.  Arthur,  Editor  of  the  Home  (jrazetle,  N.  C.  Brook»,  A.  M., 
Principal  of  the  Baltimore  Female  College,  Late  Principal  of  the 
Baltimore  High  School,  George H  Doane,  Instructor  in  Chemistry, 
and  Lecturer  on  Physiology,  at  Burlington  College,  Hon.  R.  J. 
Brent,  Attorney  General  of  Maryland,  and  from  hundreds  of 
Teachers  who  are  now  using  the  book. 


KEV.  F.  KNIGHTON'S 

^mttxcan  (£tgmologlcal  Scljool  (Grammar, 

Containing  copious  exercises^  and  a  systematie  view  of  the 
Vormation  and  Derivation  of  Words  from  the  Anglo  Saxo/i., 
Latin  and  Greeks  which  explain  tlie  Etymology  of  above  ten 
thousand  English  Words.     Price  40  cents. 

The  peculinr  merits  of  this  new  candidate  for  popular  favor, 
are  best  told  by  one  who  has  had  much  to  do  in  the  business  of 
education,  and  by  whom  the  proofs  were  examined  as  hey  came 
from  the  press,  viz. : — 

"III  the  fir.-.l  place  il  is  wholly  a  practical  Grammar.  The 
Syniux  is  not  encumbered  with  a  mass  of  critical  o!i>crvalions,  ill 
adapled  to  the  capacity  or  taste  of  the  pupil;  but  all  pcculiarifies 
of  idiuiii  and  uppaieiit  solecismi?  are  referred  to  some  leading  rule 
for  siotution. 
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•Secondly.  On  the  subject  of  Elynaology,  it  is  more  compre. 
hens^ive  and  thorough  than  treatisies  exclusively  upon  the  subject 
In  this  particular  it  is  the  most  complete  work  yet  published  for 
the  use  of  schools,  and  it  is  destined  to  supersede  all  others. 

"Ag^in  :  The  Pursing  Exercises  are  judiciously  chosen,  and  on 
Ihe  plan  of  Ollendorf— but  one  thing  at  a  time  is  presented,  until  a 
knowledge  of  it  is  fully  acquired. 

"Fourthly.  There  are  given  in  the  end  copious  extracts  or 
additional  parsing  exercises,  which  will  servo  the  place  of  a  sepa- 
rate book  tor  the  purpose. 

"And  lastly,  while  the  book  is  thorough  and  comprehensive  it 
is  economical^  since  it  is  multumin  parvo,  or  embraces  within 
the  compass  of  250  pages  a  complete  system  of  English  Grammar, 
a  treatise  on  Etymology,  a  Spelling  Book  with  definitions,  and  a 
book  of  Parsing  Lessons — and  all  stated  so  plainly  that  elucidation 
from  a  teacher  is  almost  superfluous."  'X, 

From  many  very  flattering  notices  of  the  work- "we  select  the 
following : — 

"The  excellence  of  the  Grammar  published  by  the  Rev.  F. 
Knighton,  A.  M.,  makes  us  almost  despair  of  witDessing  any 
decided  improvement  in  this  department.'' 

"  The  learned  author  is  evidently  well  acquainted  with  several 
of  the  Teutonic  languages;  he  has  closely  studied  the  great  works 
of  Grimm,  Becker,  and  other  German  philologists;  and  the  result 
has  been  that  he  has  produced  a  work,  which  we  feel 'Wive  -  will 
eventually  be  used  in  all  schools  in  which  the  English  languagtf^ia 
taught  in  a  sound  and  philosophical  manner.  The  arrangement  of 
the  work  is  excellent ;  each  part  in  its  proper  place ;  and  while  it 
is  undoubtedly  the  most  philosophical,  we  oelieve  it  will  be  found 
the  easiest  Grammar  thai  has  yet  been  published." 

"Written  by  one  who  is  profoundly  acquainted  with  the  sources 
of  our  language,  and  who  has  brought  this  acquaintance  to  bear 
on  its  grammatical  structure.  This  Grammar  will,  we  are  con- 
vinced, make  its  way  into  all  good  schools." 

The  American  Etymological  Scliool  Grammar,  by  Rev.  F. 
Knighton,  is  recommended  by  the  clearness  of  its  arrangement,  its 
niuliiplicity  ot  practical  examples,  its  liberal  construction  of  the 
principles  of  good  grammar,  and  its  copious  treatment  of  the 
etymology  of  our  language." — New  York  Tribune. 

From  Professor  Wm.  H.  Alien,  President  of  Girard  College.  Presi- 
dent A. len  is  acknowledged  to  be  one  of  the  first  grammarians  of  the 
age,  iind  nis  opinion  is  entitled  to  high  consideration. 

GiRARD  College,  Sept.  26,  1853. 

Dear  Sir — I  thank  you  for  your  courtesy  in  sending  me  copies 
.)!  Knighton's  Primary  Grammar  and  Etymnlcgical  Sc  lool 
Gijimuiar. 


I  hav8  examined  these  books  with  some  attention,  and  am 
pleased  with  them.  It  is  my  opinion  that  the  School  Grammar 
deserves  high  commendation.  The  author  has  discarded  the 
recent  innovations  in  nomenclature,  which  have  done  so  much  to 
Bnnoy  teachers  and  confuse  learners  without  any  compensatm^ 
advanta^.  He  has  also  studied  to  make  his  Grammar  conform 
to  the  Engli>h  language,  instead  of  attempting  to  make  the 
English  language  conform  to  his  Gralnmar.  The  classification  of 
derivativcb  so  as  to  exhibit  separately  those  formed  from  Anglo 
Saxon,  Latin  and  Greek  primitives,  will  do  much  to  relieve  the 
embarrassments  which  scholars  always  encounter  in  this  difficult 
part  of  the  science.  The  rules  of  Syntax  are  precise  and  clear, 
expressing  the  facts  of  English  construction  as  it  was  and  is,  no 
the  theories  of  the  author  as  to  what  it  should  be. 

Very  respectfully  yours, 

WM.  H.  ALLEN. 

Robert  E.  Peterson,  Esq. 

From  Henry  Vethake,  LL.  D.,  Professor  in  the  University  of  Penn- 
sylvania. 

Philadelphia,  October,  22, 1853. 
Messrs.  R.  E.  Peterson  &  Co. — Gentlemen — I  have  examined 
the  three  works  of  the  Rev.  Mr.  Knighton  which  you  sent  me, 
VIZ.,  tiie  " Primary  Grammar,"  the  "School  Grammar,"  and  the 
"\'^piWi^n poser."  They  are,  in  my  opinion,  admirably  calcu- 
late^ the  purposes  for  which  they  were  intended.  All  neolo- 
gisiff^,  as  well  as  distinctions  without  a  difference,  are  carefully 
avoided;  and  the  author's  rules  and  accompanying  remarks,  are 
expressed  in  a  manner  to  be  comprehensible,  without  effort,  by 
the  youthful  mind.  An  important  feature  of  these  works  is,  that 
examples  are  immediately  given  under  each  rule,  of  a  nature  to 
give  it  interest  and  to  tix  it  in  the  memory  of  the  pupil.  It  is 
with  great  confidence  that  I  recommend  Mr.  Knighton's  books  to 
teachers  of  schools  in  Philadelphia  and  elsewhere. 

HENRY  VETHAKE. 

P.i»m  Rev.  John  Dowline,  D.  D.,  formerly  Principal  of  Woodstock 
Ciassicul  Academy,  Oxford,  England,  now  Pastor  of  Sansom  Street 
Baptist  Cliurch,  Philadelphia 

Robert  E.  Peterson  &  Co. — Gentlemen — I  have  examined 
with  considerable  care  and  with  much  pleasure,  the  two  volumes 
of  your  cheap  Educational  series,  entitled  '^  The  American  Etymo- 
logical School  Grammar,"  and  *'  The  Young  Composer,"  both 
from  the  accomplished  pen  of  the  Rev.  Mr.  Knighton,  A.  M.  I 
regard  the  Grammar  as  a  decided  improvement  upon  all  works 
on  the  subject  that  have  fallen  under  my  notice.  I  am  particularly 
pleased  with  the  full  and  perspicuous  manner  in  which  the  auihoi 
Las  treated  a  most  important  part  of  E*ymoU)gy~-formerly  almost 


^WB^eeted  In  cehool  ^"■'■■'''bi^i  ^■■>  ''■"  dfrimOten  oT  wards 

I    Thsl    lir^   porlion   of  the   book   which   Iteais  of  primsfv  and 

fWontlBry  derivsilves,  and   derivalives  from    ihe  Anglo  Sniiai, 

Lniin  and  (jreeic,  1  reginl  ac  uiviiiuable,  and  worlby  oT  sludy  du< 

Mi!y  bj'  the  English,  but  (be  clafsitwL  Fiudenl. 

■!»□  '■  The  Young  Compotwr,"  wLch  is  a  worthy  ■■□lopni.ion  at 
Ihe  UramniB.r,  and  pariakiw'ar  Ihe  same  eicrJIenvles.  Were  I 
now  eugaged  in  [he  iiislruvlion  oryouib,  ao  I  was  for  many  or  Itr 

(tafUer  yeare  of  my  protestiionBl  life,  I  aho-'-" '-'■■  -- ' —  '—■ 

of  theK  axoelleot  work*  as  leil  books  a 
you  all  Ibe  «ucceBB  yoa  deserve  in  the  pub 


'erialdly  adopt  both 


I  temaiti,  geDtlemen,  yoara  respeuLfully, 

J,  BOWLING. 

From  Iba  Rev.  J.  P.  Darbin,  D.  D.,  Lata  Pniident  of  DiekiOHn 
Oollesa. 

FHiLAitiLrHiA,  Ocloher,  1853. 
I  have  eKammed  Ibe  American  Elyinological  School  Gram  ma  f, 
and  (he  Primary  Grammar  which  is  an  inlroduction  to  it,  publish- 
ed by  Robert  E.  Petenon  &  Co.,  of  Phikdelpb.a,  and  can 
titii-'erely  commend  Ihem  to  public  patronage.  The  Etymotegital 
Sfhool  Urommar  i«  eicesdingly  valuable,  as  il  grodually  mlro- 
(Inceg  Ihe  Itarner  of  Grammar  lulo  the  knowledge  of  the  origin 
•ad  Bomposiliun  of  the  words  ol  our  language.  Thta  is  what  tlie 
Geriuaiis  caJI  teerd  building. 

J.  P.  DURBIM. 


RBV.  F.   KNIGHTON'S 

SlmEcican   ifJriinarg   ®rammor. 


Bev.  F.  Knightou'i  Amerjcaii  Elrmoloeieiil  SCHOOL  GBAMiL 

This  liiile  work  is  intended  for  young  children,  yiM  commcDcinB 
the  aiudy  of  English  Grammar.  The  things  which  tliey  lirsl  and 
most  waul  lu  know,  are  here  tauglii  Ihem  our  by  one.  Nolhiiic 
U  given  but  what  such  be^nneri  need.  Every  dllSculiy  ja 
expTHiiiad  am  il  ari<^e«.  The  rules  or  definiliona  are  in  alJ  casea 
iaJuclioiii  Jriun  given  examples.     Whatever  is  laughl,  ihe  pufiil  ta 

Pari  1.  leaches   Ibe  child  to  dislinguihh  Ihe   Parts    of   Speech 


Fart  n.  teachea  ■□ms  of  Ihe  most  imparlinl  parllaulan 
Tenwolinir  ihese  nsrls  of  speoch  severally. 

Sri  m.  leaoLt  emne  of  Ihe  moji  Wporlant  Rules  of  Con 
.IrucUon  or  aynlai. 

Queslions  are  lulded  for  exHiniDsliDii  on  thu  whale. 

Every  sihlijeui  m  irealcil  on  Ibe  »mi)  plan:  namely— 

Fim  :~-Clti>r  au'l  pninled  I^xaxflks. 

Saecndly : — An  Eiplanation  of  ihetia  Eiomples. 

Thirdly  : — A  DBF[:*iTnm  or  Rulk,  whioli  i»  an  iaduclioH  (roio 
■tie  ^Mmples. 

Folirlhly ;— An  EieR01.ii  on  what  ha!  been  ihus  taughl. 

The  pnpil  firti  has  a  number  of  faoii  given  him;  Iben  N:  i« 
direulecl  la  Ihe  paints  of  resembluace  in  Ibe^  soveml  IbcIb,  in 
olher  warclf  the  faclK  are  explained;  Ibeo  he  is  led  lo  form  or 
tirriry  a  DefiRilion  orRulefrooi  Ihese  rewmblaoees ;  end  loslly, 
oa  ia  pruli'ied  on  what  he  has  Inmed.  Thiie,  ibe  whole  couraa 
iSt»lriolly,  one  of  Indufljoa  end  sysiemalto  Progressiao. 

Il  ie  conSdentlr  hoped  Ihet  Ihis  Bllempt  (o  leauh  Ihe  ahild  pri>- 
grewivL-ly,  will  obviate  mnnyoTlhe  difllciilllos  lo  b«lh  learner  and 
leacher,  In  Ihls  necestarily  abiiiracl  subjecl — while  Ibe  aulhnr'i 
AmericBii  School  Grammar  wtll  lunply  full  inlormaiion  lo  ihosa 
pupils  who  may  be  farther  advanced  in  Ihe  science, 

Th^  (ibjecl  ihrougboul  has  boen,  nol  lo  aim  al  any  Ihing  like 
-nmploler '     '— "-  ^   ■  -  ' ' ■-  -—---■ 


a  airong,  olear 

dea  of  Ihe  leading  principles  of  English  Grammaj'. 

"Thisaimplo 

inlroduclion  is  as  good  b  booli  as  can  bs  used." 

"We  have  n 

ver  ueu  a  maiTd^sirable  elemenlary  work." 

From  11,=  Ne^oik  Ob.arv»r. 

tJolwilhtland 

UK  the  counlry  has  been  inundaled  wflh  numerous 

130  Grammars  of  Ihe  English  language,  we  have 
opmion,  ihai  ihere  wai  ample  room  for  imnrave- 

looebeenof  lb 

meni  in  ihe  oo 

siruetion  of  an  eiemenlary  work  on  this  subject, 
hesilBlian  in  pronouncing  Ihese  books  a  derided 

■dvenra,  and  a 

valuable  conlrihuliou   la  Ibis  branch  of  science. 

We  have  ejiam 

ned  Ihe  FrimBry  Grammar  with  much  cere,  end 

aciion.     We  know  of  no  work  which  we  would 

mow  readily  pi 

llnel   and  I'un,' 
uiUuralaud  .yi 

bolioal;  end  the  rules  ol  consiruciion,  as  far  ai 

Ihey  gii,  ore  eipreswd  wiih  ximplloiiy  and  clearness,  and  arc  i 
bom  llio^a  iocuugniilie)  whit'h  arc  daily  laugbl  in  many  uf 
f«il«uls.  We  hope  Id  »e  il  subsliliiled  in  many  of  the  soliaah 
Ibo  Empire  Stale,  (wilh  which  we  are  more  purtii^ulnrly  aoijus 
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We  commend  thew  boc!r?  most  heartily  to  the  notice  of  teach 
ers,  and  others  inierefied  in  the  education  of  children  and  youth 
There  is  one  thing  about  them  which  we  admire  greatly,  and 
which  mu>t  commend  them  to  others  in  striking  contrast  with 
much  that  pusses  under  the  name  of  learning,  and  that  is,  the  air 
of  common  sense  which  pervades  them.  The  effort  to  bring  out 
the  Saxon  of  our  language  too,  is  one  peculiarly  appropriate  tu  an 
English  Grammar,  and  as  opportune  at  the  present  day.  We  do 
not  doubt  that  the  use  of  these  books  in  our  schools,  will  have  a 
tendency  to  imbue  many  youthful  minds  with  a  love  for  their 
own  tongue  in  its  simple  purity  and  strength,  a  taste  for  which 
needs  greatly  to  be  fostered.  It  is  not  inanpropriaie  to  say,  that 
such  a  taste  was  the  foundation  of  Daniel  Webster's  supremacy  as 
an  orator. 

The  publishers  have  done  justice  to  the  author  in  the  typogra- 
phical execution  of  these  books.  They  are  neatly  and  legibly 
printed  ou  white  paper,  giving  to  the  poge  an  attractive  lace.  We 
wish  them  a  widely  extended  circulation. 

REV.  F.  KNiaHTOK'S 

Y01JW«    COmPOSER,. 

OR  PROGRESSIVE   EXERCISES   IN   ENGLISH  COMPOSITION; 

Comprising  Sentence  Makinf^y  Variety  of  Expression ,  Figura' 
tive  Language,  the  Use  of  Capitals  and  Fu7ictuatton,  and  the 
Principles  of  Versification.  IVith  eopiotts  Exercises  on  every 
Topic,    Price  40  cents. 

*'Ttie  plan  of  this  work  is  very  superior.  We  are  persuaded 
that  this  work  will  be  found  valuable  to  the  intelligent  instructor.'' 

"The  Rev.  F.  Knighton,  A.  M.,  has  furnished  an  admirable 
work  in  this  description  of  literature,  a  very  valuable  addition  to 
ordinary,  or  what  should  be  ordinary  school  books.  He  has  care- 
fully avoided  the  adoption  of  tcchinal  terms  of  strange  and  deter- 
ring sound,  employing  common  terms  in  their  usual  meanings,  so 
that  the  familiar  phraseology  of  elementary  works  is  made  acces- 
sory to  the  inlroduclion  of  a  new  but  necessary  branch  of  English 
education.  We  have  no  hesitation  in  recommending  Knighton's 
Young  Compoi^er." 

The  following  nrticle  was  written  by  a  Lawyer  of  the  highest  literary 
attainments ;  he  was  formerly  a  Teacher  of  distinguished  merit. 

This  is  a  most  capital  work  ;  its  main  excellence  consists  in  its 
practical  character  and  in  its  adaptedness  to  school  purposes,  and 
to  use  as  a  text  book.  There  is  a  thorough  series  of  progressive 
exercises  in  the  construction  of  a  sentence,  commencing  simply 


h  of  IhoiB'  1 
reiperiively.  and  panning  rnrward   by  tiiccofsive  tteja  of  ensy 

eo-orJinalB,  and  uubnnlioBle  MDlences.  This  formp  ibe  fir«l  divi- 
mon  of  Ihe  work.  Thu«  qualified,  the  Bludenl  enlem  The  wcond 
and  lhir<]  divisjoiDi,  which  are  occupied  with  mailers  geaenUy 
includsd  under  ihe  lerm  rheloric,  such  as  iho  choics  of  pmno( 
word*,  the  varieiies  and  nioelies  of  Mpre«»iDn,  Ihe  vnrioUB  ilTlei, 
and  IhE  nature  of  jiguraitve  language.  The  connhiding  divisian 
trealB  of  punrlualion  and  proaody.  Ths  chier  recDmrnendBlicm  of 
;hB  book  lies  in  Ihe  faat  llial  il  mt/umnghly  froBlieat.  There  is 
nolhing  nlisiruw  or  vague  aboul  il.  A  pupil  len  years  of  age  mny 
corainence  its  uw,  ond  Bfler  wriiing  ihe  exerciws,  all  of  which 
are  at  well  mpahlo  of  being  reciled  as  ihe  le^sooe  of  geographv, 
he  wj!1  advanoe  by  sHCdewive  gnidalinns,  in  a  abort  lime,  lo  ihs 
eaay  expreasion  of  bla  Ihoughla  in  copreclly  formed  fenlencea. 
Wo  are  nol  UDacqiiainled  wilh  ihe  similar  works  of  Parker,  Fra«l 


How  few  ihere  are  in  Ibe  communliy  ihal  [his  work  will  nol 
benefii,  if  Ibey  wi]l  \we  it.  Wt  pTsnoima  it  to  bi  Uu  bat  tnaliat 
that  il  hai  Hitr  failiti  to  our  tat  to  txamiiu^  hotk  at  regardt  iit 
mill  for  governing  t&i  tut  o/tmtdi  and  itt  nmU  ofteaMng 
thou  rulta.  We  lake  pleHsure  m  commanding  il  to  lenchen  anil 
young  composera,  and  all  olhera  inleresled  in  Ihe  oau«e  of  educa- 
lion,  B8  a  moal  eicelleal  work.  Il  ia  worlby  of  a  very  ellenaiTS 
>;i(culalio».-^ounis/  ofUufiil  Knotettdgt  (Nta  York). 

Vfe  are  mosi  favorably  impressed  wilh  Ihe  nature  and  de«ignt 
of  Ibis  bonk,  il  18  Ibe  very  thing  for  pupila  as  Ibey  enter  upno 
the  sludy  of  grammar,  ond  are  weking  to  lorm  a  niinlliar  and  coi^ 

of  ed  lies  lion,  we  o/^nn  and  dn|i/y  fell  the  need  orjuil  such  a  help 
as  Ihiij,  but  knew  not  where  to  look  for  il.  The  author  begins 
wilh  Ibe  language  in  ihe  simplest  form,  and  goea  on  adding  words 
■nd  phra<es,  and  explaining  their  conncclion  and  use,  till  finally 
Ihe  objeul  is  gained.  The  Young  Composer  ahuuld  find  a  plane  in 
all  priiiiary  scboola.  The  anlbor  ia  plainly  mailer  of  bis  snbiecl, 
Biid  kiiowi  bow   lo  leach  ohildran  and  youth.— CAn'jfiwi  C*ro- 


n 

pimple  and  logica],  so  that  the  pupil  m  stud^M'ng  it  will  he  led 
forward  witii  a  dtie  anyiunt  oO  suggestion,  until  at  length  he  may 
construct  the  most  critically  balanced  sentences,  and  dash  off*  tho 
most  flowing  periods.  We  have  not  seen  any  book  that  seems 
better  adapted  to  accomplish  the  end  which  the  author  had  in 
view. — Pf^sbytorian  Banner. 

A  Treatise  on  Algebra^  containing  the  most  useful  parts  of  that 
Scieneey  illustrated  by  a  eomous  collection  of  Examples, 
designed  for  the  use  of  Schools  and  Colleges. 

BT   ENOCH  LBWIS. 

FiAh  edition,  revised  and  enlamd.    12mo.,  substantial  binding. 

182  pages.    Frice  40  cents. 

This  is  decidedly  the  very  best  and  cheapest  Algebra  ever 
published. 

From  the  Rev.  F.  Knighton,  A.  M.,  a  Teacher  of  many  years* 
experience,  author  of  Knighton's  Grammars,  ^o. 

January  24,  1892. 
Dear  Sir — It  is  some  years  since  I  first  became  acquainted 
with  Lewis*  Algebra,  and  my  opinion  of  its  merits  is  derived 
from  having  made  use  of  it  as  a  manual  of  instruction  in  school. 
I  found  it  impossible  for  a  pupil  to  make  much  progress  in  the 
treatise  without  acquiring  a  proper  understanding  of  the  subject ; 
and  when  fully  mastered,  he  was  repaid  with  the  satisfaction  of 
finding  himself  a  skilful  analyst.  There  have  been  recently 
issued  from  the  press  many  works  of  far  greater  pretension  than 
this  modest  volume,  and  for  which,  if  this  were  suostituted  in  our 
schools,  the  cause  of  education,  and  particularly  a  knowledge  of 
this  useful  branch  of  science,  would  be  greatly  promoted.  The 
book  cannot  fail  to  secure  the  favorable  opinion  of  every  intelli- 
gont  instructor 

Yours  truly, 

F.  KNIGHTON, 

^  Keg  to  Cttub*  -Jllgebra* 

Price  10  cents. 


< 


^ '' 


THE  NEW  YORK.  FUBUC  UBRABY 

REPBRBNCB  DBFARTMENT 


Tlu>  book  U  miilBr  n 


>  oironaaataaoea  to  be 


taken  Irom  tbe  Bnililia 


